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THE TRANSIT OF VENUS IN 1874. 

On account of the important bearing of the transits of Venus upon 
the problem of the Sun*s distance, men of science are looking 
anxiously forward to the . two transits which occur in the present 
century. Although the later of the two will not take place for 
thirteen years, its circumstances have already been examined. 
Indeed both transits were subjected to examination by the As- 
tronomer Hoyal so far back as 1857 ; and since then he has con- 
tinued to put forward from time to time the considerations which 
have suggested themselves to him as his examination of the subject 
proceeded. Early in the inquiiy he expressed the opinion that the 
method founded on the observed differences of the transit's duration, 
as seen from opposite points of the Earth's surface — which method 
had been the sole one employed in the treatment of the transit of 
1769 — is wholly inapplicable to the transit of 1874; and he suggested 
another niethod of utilising that transit, — a method less perfect in 
itself, more difficult (astronomically) to carry out, and involving 
processes of preparation essentially different from those which 
would be required imder the other method. To .the preparations 
thus called for, astronomers and geographers have hitherto, I believe, 
solely confined themselves. 

Having had occasion to examine the reasoning of the Astronomer 
Hoyal, and to test the conclusions he had arrived at, I have been 
led to form a totally different opinion of the value of the transit 
of 1874, so far as the simpler method of observation is concerned. 
I have found that, if consideration be made of internal contacts — 
the only phenomena on which estimates of .the Sun's distance have 
ever been founded — the actual difference of duration which can be 
made available in 1874, is about 35m. or 36m., as against an out- 
side value of 28m. in 1882, and an actual observed maximum of 
difference of '2^m. in 1769. 

I am sensible that mere magnitude of observed difference is not 



234 THE COMING TRANSITS. 

the Bole point oa which the value of a transit depends. The rate at 
which the plajiet croBses the Stin'a limb is an almost eqimlly impor* 
tant subject of consideration. I shall be able to show that when 
this point ia dealt with ia the nituiner moat uofavoiiisble to mj 
case, the value of the transit of 1874 yet remaias superior to that 
of the famous transit of 1769 (as actually utilised), and scarcely 
inferior to the most &TOurable estimate which can he formed of the 
transit of 1882. Therelbre, remembering the importance which 
biis been always attached to the observations made in 1769, and the 
immense advances since made in the construction of instruments 
and in observing-skill, we cannot look upon the transit of 1874 as 
otherwise than highly valuable. 

If we briefly consider the general nature of a transit, we shall 
be the better able to define the circumstances on which the value of 
any particular traniut dependt. 




In fig. 1 let B represent the sun, v Venus, and e the Earth, the 
plane of the paper representing the plane of the ecliptic, so diat the 
jMilh of Venus(suppo8eil to be near one of her nodes) must be con- 
cuived as inclined rather more than 3° to the plane of the paper. 
The arrows show the direction in whioh the two planets move. 

Conceive the Sun and VenuR'envcloped by two double cones, 
one, s D sW, having its vertex inside, the other having its vertex 
outNde, the orbit of Venus. These cones have a common axis, 
namely, the line joining the centres of Venus aad the Sun. Now it 
is clear that as Venus with her more rapid niotion sweeps round 
the Sun, the accompanying cones must overtake the Earth (situated 
as shown in the figure), and that as they sweep onward, the Earth 
will pass through them. As this takes place, there will occur the 
following eight phenomena in the given order : The forward part 
of the outer cone will reach (i) the nearer, then (ii) the farther side - 
of the Earth's globe ; the corresponding part of the inner cone will 
reach (iii) the nearer, then (iv) the further side of the Earth'sglobe; 
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next, the backward part of the inner cone will reach (v) the 
nearer, and (vi) the farther side of the Earth ; and laBtly, the corre- 
sponding part of the outer cone will reach (vii) the nearer, and (viii) 
the farther part of the Earth. And theBe several eveula wiU readily 
be seen to correspond to the occurrence of: — 

(i) Mwt accelerated external contact at ingresR. 

(ii) „ retarded „ „ 

(iii) Most accelerated internal contact „ 

(iv) „ retarded „ „ 

(v) Moat accelerated „ at egress, 

(vi) „ retarded „ „ 

(vii) Most ace elenited external contAct 
(viii) „ retarded ,, „ 

Fio. 2. 




In 6g. 2 the actual nature of the Earth's paesage through the 
cones is illustrated, as exactly as possible, to scale. In this tignre 
the large circles represent the sections of the outer and inner cones 
where they cross the Earth's orbit. For convenience we consider 
these circles to be at rest, and examine only the effects of the Earth's 
relative motion, b o a is parallel to the ecliptic As the Earth is, 
in reality, moving from right to left in a direction parallel to b o a, 
and with a lean rapid motion than that of the two large circles, it is 
clear that the Earth's relative motion is from left to right. Al^«, aa 
the circles are crossing a o b from south towards north (for Venus 
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is at an ascending node both in 1874 and 1882) it is clear that the 
Earth has a relative motion from north to south. The pairs of lines 
marked with arrows show the actual direction of the Earth^s relative 
motion (the small circles representing the Earth in various parts of 
her passage). Calculation shows that this relative motion is such 
that a central transit would occupy nearly eight hours. The pairs 
of lines are inclined to A o b at about 9^ degrees ; and 14 degrees 
to the east and west line. 

The actual path of the Earth across the circles in 1874 and 
1882 is indicated bj the lower and upper sets of triple lines, 
respectively. 

In considering the circumstances of the transit of 1874, I 
dismiss all consideration of the phenojnena marked (i), (ii), (vii), 
and (viii) in the above table. But besides the four remaining 
phenomena, I take into accoimt the passage of the Earth^s centre 
across the circles, because Mr. Hindis elements are calculated only 
for these phenomena, and without considering them I should have 
been ilnable to test the accuracy of my own conclusions by com- 
paring them with his results. 

Thus the eight phenomena corresponding to the positions of the 
earth, numbered 1 to 8 in fig. 2, correspond to — 

(1) External contact for the Earth's centre at ingress. 

(2) Internal contact most accelerated at ingress. 

(3) ,^ as seen from the Earth^s centre. 

(4) „ most retarded at ingress. 

and the four corresponding phenomena at egress, viz.— > 

(5) Internal contact most accelerated at egress. 

' (6) „ as seen from Earth's centre. 

(7) ;, most retarded at egress. 

(8) External contact for the Earth^s centre at egress. 

The treatment applied to these phenomena has been the follow- 
ing : — Taking Mr. Hind's epochs for the external contacts at ingress 
and egress, I have thence calculated all the remaining epochs and 
the position-angles ; the exact agreement of my estimates of such 
of these elements as Mr. Hind has calculated, with the results he 
has obtained, has sufficed to establish the correctness of the mode of 
operation^ Thus has been foro^d the following table for the phases, 
mentioned above. 
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It was the oonsideration of these circnmstances which led the 
Astronomer Sojal to pronounce the transit of 1874 altogether 
unfit for the purpose of observing the durations of transit, as seen 
from opposite parts of the Earth^s surface. And he suggested that 
foiu- sets of observers should be sent to watch each of the four 
phenomena,-r-accelerated and retarded ingress and egress ; and that 
by determining the exact longitudes of their stations, and so (with 
the aid of exact chronometers) learning the exact Greenwich time 
of each phenomenon, the transit might be rendered available 
through the comparison of the results inter ae. Clearly the 
elements of difficulty and the probability- of error are seriously 
increased in this method as compared with one which practically 
requires but the simple estimate of duration, and scarcely admits of 
being affected by chronometer errors. However, let us note that* 
by this method an observed difference of at the outside 24m. 
might be obtained ; — not more, because the Sun cannot be observed 
when too close to the horizon, and because also of the difficulty of 
finding suitable stations. 

Now let us see what can be done towards the utilisation of the 
transit of 1874 by the simpler method : — 

Suppose the northernmost station taken in latitude 60^, that is, 
along the uppermost parallel in the figure. As the whole duration 
of transit is but about four hours, and day lasts about six hours in 
this latitude on December 8, we may take a place two hours on the 
left of the central meridian in Plate XV., knowing that the same 
place will be (at the end of transit) two hours to the right of the 
central meridian in Plate XYI. ; and at one epoch the Sun will 
be one hpur risen, at the other one hour from setting. Doing this 
we find that the station (which lies in Siberia, not far from Lake 
Baikal) falls in Plate XY.) on the sixth cross-line from the 
centre, arid in Plate XVI. above the tenth cross-line. In other 
words, the transit as seen fh)m this spot exceeds the mean by 
(6 + 10 J), or 16 J minutes. 

Next for the southern station. Here we have a wide choice. 
If we put our observer on Petra Island (a place probably very little 
suited for astronomical observations) we get (from Plate XV.) 
ingress retarded by 8m., and (fh)m Plate XVI.) egress accele- 
rated by 1 2m., or in all the duration of transit falls short of the 
mean by 20m. If we take the place marked out by the Astronomer 
Royal for observing the transit of 1882, a place near Repulse Bay, 
in east longitude lOS'', we get ingress retarded by 9m. and egress 
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accelerated by 9^ m., or in all transit shortened by 18 J m. If 
we take Victoria Land, in south latitude 70° (^y); and east longir 
tude 172°, we get ingress retarded by 6 m. and egress accelerated 
by 11^ m.y or in all transit shortened by 17^ m. If we take 
Enderby Land, in east longitude 50°, yre get ingress retarded by 
11| m. and egress accelerated by 8^ m., or in all transit shortened 
by 20^ m. These four southern stations, combined with the 
northern station before considered, give a total difference of dura-? 
tion of 36^ m., S^ m., 33^ m., and 36^ m. respectively. Also, as 
it would not be well to trust to a single northern station, it may 
be noticed that any part of the nearly circular region extending 
from Lake Baikal to Saghalien, and from north latitude 40° to 
north latitude 60°, might be used for observing the increased dura- 
tion without important disadvantage as compared with the station 
already considered. Also, Grozet Island, Kerguelen*s Land, and 
other parts of the Antarctic continent besides those considered, give 
abbreviated transits of considerable value. Thus for Crozet Island 
the abbreviation is no less than 17 m. ; for Kerguelen's Land, 16 m. 
Even Macquarie Island, Royal Company Island, Hobart Town, 
and parts of New Zealand, might serve as useful subsidiary stations. 

And now to compare the value of the transit of 1874 with that 
of 1882. We see that by the method of durations we get a dif- 
ference of more than 36 m., whereas the maximum difference is 
50^^ m. The Astronomer Royal has shown that for the transit of 
1882 it is possible to take positions for observation (not by any. 
means more favourable than those above considered) which give at 
the outside a difference of duration bearing to the maximum the 
proportion of 341 to 400. The maximum difference in the case of 
the transit of 1882 is only 82m. 48s., in place of 50m. 12s. as 
in 1874. Reducing 32m. 48s. in the proportion of 341. to 400, 
we obtain the period 27m. 57s. in place of the difference of 36^m. 
which the most favourable situations in 1874 will give. 

If we assume that the value of a transit is not to be estimated 
according to the magnitude of the observable difference, because the 
rate with which the planet crosses the Sun*s limb is diminished in 
exactly the same proportion, and the error of observation corre- 
spondingly increased, we have thQ relative values of the transits of 
1874 and 1882 as 

60i 32} 

or almost exactly as 6 to 7. But this extreme result, although as 

B 
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It was the consideration of these circumstances which led the 
Astronomer Sojal to pronounce the transit of 1874 altogether 
unfit for the purpose of observing the durations of transit, as seen 
from opposite parts of the Earth's surface. And he suggested that 
four sets of observers should be sent to watch each of the four 
phenomena,— r-accelerated and retarded ingress and egress ; and that 
by determining the exact longitudes of their stations, and so (with 
the aid of exact chronometers) learning the exact Greenwich time 
of each phenomenon, the transit might be rendered available 
through the comparison of the results inter se. Clearly the 
elements of difficulty and the probability* of error are seriously 
increased in this method as compared with one which practically 
requires but the simple estimate of duration, and scarcely admits of 
being affected by chronometer errors. However, let us note that 
by this method an observed difference of at the outside 24ra. 
might be obtained ; — not more, because the Sun cannot be observed 
when too close to the horizon, and because also of the di£iculty of 
finding suitable stations. 

Now let us see what can be done towards the utilisation of the 
transit of 1874 by the simpler method : — 

Suppose the northernmost station taken in latitude GO'^, that is, 
along the uppermost parallel in the figure. As the whole duration 
of transit is but about four hours, and day lasts about six hours in 
this latitude on December 8, we may take a place two hours on the 
lefl of the central meridian in Plate XV., knowing that the same 
place will be (at the end of transit) two hours to the right of the 
central meridian in Plate XVI. ; and at one epoch the Sun will 
be one hpur risen, at the other one hour from setting. Doing this 
we find that the station (which lies in Siberia, not far from Lake 
Baikal) falls in Plate XV.) on the sixth cross-line from the 
centre, arid in Plate XVL above the tenth cross-line. In other 
words, the transit as seen from this spot exceeds the mean by 

(6 + 1 Oi), or 1 6i minutes. 

Next for the southern station. Here we have a wide choice. 
If we put our observer on Petra Island (a place probably very litde 
suited for astronomical observations) we get (from Plate XV.) 
ingress retarded by 8m., and (fk)m Plate XVL) egress accele- 
rated by 12m., or in all the duration of transit falls short of the 
mean by 20m. If we take the place marked out by the Astronomer 
Royal for observing the transit of 1882, a place near Repulse Bay, 
in east longitude 105^ we get ingress retarded by 9m. and egress 
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it stands it is altogether opposed to the theory of the utter value- 
lessness <of the transit of 1874, is obtained on an assumption which 
is unsupported bjr evidence. Mr. Stone has shown that the forma- 
tion and breaki&g of the black ligament connecting Venus with the 
Sun at lihe true moment of internal contact is an instantaneous 
phenomenon in favourable weather. In unfavourable weather the 
error in the observation of tliis phenomenon should depend rather 
on atmospheric causes — the length of the periods of atmospheric 
disturbance, and so on — ^than on the rate of the planet's separation 
from the Sun's limb. If this is so, the transit of 1874 is superior 
to that of 1882 in the proportion of 86^ to 28, or more than 9 to 7. 
If the truth lies between these extremes, the transit of 1874 may 
be fairly taken to have a value bearing to that of 1882 a pro- 
portion midway between 6^7 and 9:7; that is, the prdportion 
of 15 ; 14. 

In any case no doubt can remain that the transit of 1874 is 
highly valuable, when dealt with in reference to the mode of ob* 
servation we have been considering ; and it seems clear that when 
all the difficulties and all the sources of error involved in the 
second method are duly considered, the simple method, founded 
on observed differences of duration, is to be held altogether more 
likely to give satisfactory results. I believe, therefore, that such 
preparations as geographers are already thinking of with reference 
to the choice of suitable southern stations for observing the transit 
of 1882 ought at once to be undertaken in connection with the 

tranat of 1874.* 

From the Quarterly Journal of Science for July 1869. 

* Since the abore was written the subject of the coming transits has been 
considered by Mr. Stone^ than whom no one is better qualified to pronounce 
authoritatively on the principles which should guide us in utilibing those pheno- 
mena. He is of opinion that obserrations made when the Sun has a less ele- 
yation tlian 10^ would A>e altogether useless. This principle enables me to 
considerably augment my estimate of the relative superiority of the transit of 
1874» with reference to the simpler mode of observation. In fact, the only 
southern stations which had seemed suitable in 1882 must at once be rejected ; 
and thus we may say of that transit what had been said of the other, that the 
simpler mode ' fails totally * with respect to it. On the other hand, the value 
of the transit of 1874 is scarcely at all affected by the application of the prin- 
ciple. 

Mr. Stone considers the superiority which I have ascribed to the simpler 
method to have a real existence, but to be so slight (the values of the two 
modes being as 6 to 5) as to be unimportant. This is just; but the distinction 
between this view and the imagined total failure of the method seems not the 
less to require attention. 



243 



COBBECTIONS OF THE ASTRONOMER ROYAL'S 

STATEMENTS. 

It is shown in the preceding article how the differences which exist 
between my results and those obtained by the Astronomer Boyal, 
result from an adoption of a comparatively rough method of deal- 
iDg with the problems involved. I now proceed to indicate the extent 
of these corrections, as also of those which have to be applied to 
the somewhat more exact work of the French astronomer Puiseux. 

I first, give a general summary of the changes imder three 
heads : — 

1. The application ofDelisle's method of absolute time differences. 
The relative as well as the absolute values of many stations are 
affected. Some which had hitherto appeared unsuitable are found 
to be imobjectionable. Others which seemed good appear unfit. 
In other cases the relative values of two stations are so affected that 
the results of a comparison between them are directly reversed. 
Lastly, many stations not hitherto thought of in connexion with 
the transit are found to be well suited for the application of Delisle*s 
method. 

2. The comparison between Delisle'e and Halleifs methods. 
H^ey's method is foxmd not merely to be applicable with ad- 
vantage, which is all that can be said of it when central passages are 
considered, but to be superior to Delisle's, — slightly, when reference 
is made only to such stations as had been hitherto dealt with, 
noticeably when Antarctic stations are made use of. 

3. The comparison between the Transits of 1874 and 1882 with 
reference to Halleifs method. This comparison, conducted according 
to the principles laid down by Mr. Stone (than whom no one is 
better entitled to pronounce authoritatively on such points) shows 
that Halley*s mode may be applied much more advantageously to 
the transit of 1874 than to that of 1882. 

b2 
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The results to be now brought into comparison for the sake of 
forming an estimate of the effect of phase, parallax, and the equation 
of time, upon the values of various stations, are these : — 

(1) Ally's, derived from the consideration of central passages, as supposed to 

be seen from the earth's centre, with the position-angles corresponding 
to external contact. 

(2) Paiseoz's, derived from the same phase, similarly seen, with the position- 

angles corresponding to central passage. 
(3). Proctor's, derived from the consideration of internal contacts, as seen from 
the stations themselves, and with the position-angles corresponding to 
the phase so seen, and correction being made for the equation of time. 

The following table exhibits the position-angles and epochs (for 
ingress) corresponding to these three orders of result : — 

Fodtion-angleB Epochs 

Airy Paiflenz Proctor Aizy Pnlseuz Proctor 

Accelerated Ingress 13*1 133 29 133 66 14 13 55 14 4 
Mean Ingress 131 133 29 136 28 14 13 55 14 16 

Betarded Ingress 131 133 29 139 29 14 13 55 14 29 

In preparing the columns giving my own results in the ac- 
companying tables, I have made use of the six orthographic maps 
forming Plates XIII., XIV., XV., and XVI. These were constructed 
with every precaution to ensure accuracy. The intersection of 
longitude-lines and latitude-parallels (to every 10°) were separately 
obtained by a double process of construction, and in all critical cases 
further tests were applied. In all, the construction of the maps in- 
volved upwards of 3,000 measurements. The results indicated in 
the maps have been also abundantly confirmed since the maps ap-' 
peared, by the calculations and chartings made by others, and espe- 
daUy by the beautiful maps published by the American Government. 

The six maps include four quarter-spheres, exhibiting the solar 
elevations and the coefiicients of parallax.^ The other two exhibit 
the Earth as supposed to be seen from the Sun at ingress and egress 
{mean, and for internal contacts). In these the solar elevations 
are indicated by circles, and in place of 10 parallactic parallels, 
corresix)nding to the parallactic circles in the other map, there are 
laid down parallactic lines corresponding to minute intervals (the 
line across the Earth's centre being taken as a zero-line). These 

> The circles marked '9, *8, &c., pass through all the points at which 
ingress or egress is accelerated or retarded (as the case may be) by ^ths, 
^ths, &e. of the maximum acceleration or retardation. 
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lines aie not parallel, but separately constructed for. Thus their 
indications di£fer somewhat from those derived from the parallactic 
circles in the other maps, which are laid down on the supposition 
(not strictly correct) that the outline of the penumbra of Venus 
travels parallel to itself across the face of the Earth. This will ac- 
count for a slight want of correspondence between the second and 
third columns under my own name in the following tables: the 
third gives the correct effect of parallax. It will be noticed, how- 
ever, that the difference is always trifling in the case of plaoeii 
suitable for the application of Delisle^s method. 

A further correction, but one of small importance, would result 
from the consideration that the apparent outline (supposed to be 
iseen from the Sim) of that part of Venu8*s penumbra which traverses 
the Earth is not a straight line, but part of a large circle. Thus the 
actual outline on the Earth's surface is not part of a circle. It 
follows that the parallactic curves in the four quarter spheres ought 
not to be circular, and the parallactic lines across the other two 
maps ought to be curved, the direction of their curvature being 
turned in the direction towards which the shadow is moving for 
ingress, and the reverse for egress. All the corrections due to this 
cause are minute, and attain their greatest values at places not 
suitable as stations either for the application of Delisle's or HaUey's 
method.^ 

A correction has been applied to the columns under my name 
corresponding to the fact that the maps are severally constructed 
for a single epoch, while the events to which theiy relate occupy 
several minutes. 

^ This correction has been taken into account in oonstmcting tho stereo- 
gmphic chvt forming Plate XX. 
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TABLE L — Accelerated Ingress. 



fltetiOD 



Woahoo 

Hawaii 

Aiton I. (Alentian) 

Haiquesaa L 

Month of Amoor B; 15*0 
Jeddo . 



Otaheita 

Nertschinsk 

Tsitsikar 

Kirin-OTila 

Nagasaki 

Tientsin 

Pekin . 

Shanghai 

Nankin 

Canton 

Hongkong 



AI17 

22-5 
22*3 
12-0 
20-0 



Son's Bleratlon 
PidBBiiz Pzoctor 



84*6 



o 

21-6 

••• 
23-1 

••• 
30-9 
84*3 



20*2 
29-6 



o 
19-8 

19-7 

10*8 

17-7 

140 

32-1 

29-7 

10*1 

170 

19-6 

32-7 

22f*2 

20-8 

28-6 

27-1 

35-5 

86*2 



CofliHcispfe 
of Parallax 

Aixy Praotof 



•92 
•92 
•80 
•71 
•57 
••• 
-69 



•98 
•92 
•84 
•66 
•62 
•60 
•64 
•41 
•43 
•42 
•40 
•88 
-30 
•25 
•20 
•08 
•08 



Aoedentlflii 

Pnisenz Procter 
m m 

11-2 

10-3 ll'l 

10*3 

7-6 7-9 

7-6 

6*8 

61 6-4 

6*8 

6*8 

6-7 

6*8 

6-0 

3-0 4-3 

2-6 3-9 

••• 3*6 

1-6 

1-6 



TABLE n.— Retarded Ingress. 



station 

Crozet L 
Enderby Ld. 
Kergnelen Ld. 
Macdonald L 
Kemp I. 
Bonrbon I. . 
Manritins . 
Amsterdam I. 
Bodrignez . 
SabrinaLd. . 
Adelie Ld. . 
Possession I. 
Perth (Aust.) 
Eoyal Co. L • 
Madras 
Bombay • 
MacqnarieLd. 
Hobart Town 
Adelaide 
Melbonme . 



Sim*8 Elevation 


uoemcienv 
of Parallax 


Betardation 


Ally 


Poiseiiz 


Pzoetoif 


Airy 


Proctor 


Pnisenx 


Proctor 















m 


m 


. 9*6 


«•• 


16-0 


•98 


•96 


• • • 


12*6 


. ••• 


17-3 


20*0 


a*. 


•92 


10*3 


11*8 


. 26*0 


23*6 


27-6 


•91 


-88 


10-3 


116 


• «* . 


27*2 


31*0 


• • • 


•86 


• a. 


11*2 


* ... 


... 


300 


«• • 


-85 


... 


11*1 


. 4-5 


... 


12*4 


•93 


•84 


• a a 


11-1 


. 6-0 


... 


14-1 


•92 


•81 


• a . 


10-7 


• ... 


27-6 


341 


aaa 


•77 


9*8 


10-3 


. 11*6 


... 


190 


•89 


-76 


•« • 


9*9 


• ... 


••* 


460 


aa. 


•73 


• • • 


8*2 


• •• . 


... 


450 


»•• 


•60 


• • • 


6-8 


• ... 


36-4 


38*6 


• •m 


•46 


60 


6-0 


• •• . 


••• 


66*0 


• %% 


•38 


• • • 


6-3 


. •. * 


... 


620 


• a. 


•82 


• « • 


4*6 


. 12-6 


••• 


21-0 


•47 


•26 


• •» 


40 


. 4*6 


• a. 


12-6 


•44 


•22 


• • a 


3-8 


• ... 


• a. 


620 


..a 


•26 


2*9 


3*6 


• ... 


70*0 


67-0 


• aa 


•20 


• a • 


2-8 


• ••• 


• •• 


760 


... 


•18 


• • • 


2*5 


• ••• 


• a. 


760 


• m» 


•13 


«• • 


2*2 
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TABLE 111.— AcceleraUd Egress. 



Btation Son's Elevation 


Coefficient 
of Parallax 


Acceleration 




Airy 


Pnisenx 


Pzoctor 


Airy 


Proctor 


Puisenx 


Proctor 


PosBOBBion ] 


>• • ••• 


23-8 


260 


••• 


•89 


m 

10-3 


m- 
11*4 


Adelie Ld. 


• • ••• 


••• 


340 


• • • 


•88 


... 


10-6 


Campbell I. 


• • ••• 


••• 


26-0 


••« 


•79 


... 


10-8 


Emerald I. 


• • ••• 


••• 


800 


• •V 


•78 


... 


103 


Macquarie I 


. 240 


••* 


32-0 


•sa 


•76 


••. 


99 


Chatham I. 


. 11-5 


«.• 


160 


•87 


•76 


... 


9-8 


Canterbury 


(N.Z.) 19-0 


... 


22-6 


•81 


•71 


.. . 


9-3 


Wellington 


. 170 


... 


20-0 


•81 


•70 


... 


9-2 


Sabrina Ld. 


■ ... 


... 


430 


••• 


•70 


... 


9-2 


Enderby Ld 


• • ••• 


41*0 


890 


... 


•66 


6-9 


8^6 


Koyal Co. L 


• .•• 


*• • 


420 


m*» 


•64 


... 


8-6 


Auckland 


. 160 


14-4 


19*2 


•78 


•64 


8-6 


8-5 


Kemp. I. 


• • ... 


• •• 


610 


••• 


•67 


... 


7-6 


Hobart Towi 


a . 86*0 


360 


40-0 


66 


•67 


7-6 


7-6 


Melbourne 


. 38-0 


... 


430 


•68 


•48 


... 


6-6 


Sydney 


. 330 


... 


37-2 


•69 


•48 


... 


6-6 


Adelaide 


• • •«. 


... 


47-8 


••• 


•40 


... 


6-8 


Kerguelen L 


d. • ••. 


60-6 


671 


... 


•40 


... 


60 


Crozet L 


•/ * — 


«.. 


47-6 


... 


•34 


... 


4-2 




TABT.E IV.- 


—Retarded Egress. 






Statio] 


n Sun's Eleration 


Coefficient 
of Parallax 


Betardation 




Aiiy 


Puisenx 


Proctor 


Airy 


Proctor 


Poiaeux 


Proctor 


Orsk . 


o 
. 120 


o 
■ ** . 


12-6 


•98 


•98 


m 

... 


m 
11-8 


Omsk . 


. 12-6 


..•»■ 


11-6 


•96 


•97 


... 


11-7 


Astracan 


. 12-4 


.»« 


12-0' 


•97 


•97 


... 


11-6 


Aleppo 


. 14-2 


... 


14*6 


•91 


•89 


... 


10-6 


Peshawur 


• « .vr 


rmu 


31-6 


.»» 


•86 


... 


10-3 


Alexandria 


. 13-0 


.«. 


14-0 


•86 


•a4 


... 


100 


Suez . 


. 16-0 


17-6 


16-1 


•86 


•8» 


9-4 


9-8 


Nertschinsk . 


. ... 


... 


10-1 


.. . 


•81 


*.. 


9-8 


Delhi . 


. ... 


... 


380 


... 


•78 


... 


9-4 


Tsitsikar . 


. ... 


.. . 


12-0 


... 


•72 


... 


8-7 


Bombay , 


• •« . 


•. . 


460 


... 


•70 


... 


8-6 


Pekin . 


« ••• 


21-2 


210 


«.. 


•70 


7-7 


8-6 


Kirin-Oula . 


. ... 


... 


140 


... 


•69 


... 


8*4 


Tientsin 


> ... 


... 


17-1 


... 


•68 


... 


8-4 


Calcutta 


. ... 


••• 


46-3 


... 


•68 


... 


8-2 


Aden . 


• ••. 


... 


36-0 


... 


•66 


... 


7-8 


Nankin 


• ,••• 


... 


270 


.. . 


•62 


... 


7-6 


Madras 


. ... 


... 


620 


... 


•61 


• a. 


7-4 


Shanghai 


. ... 


26-1 


260 


... 


•67 • 


6-2 


72 


Canton 


. ... 


... 


370 


... 


•62 


... 


6-6 


Hongkong . 


. ... 


•** • 


37-0 


••• 


•60 


... 


6-6 
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It will be fieen^ on a comparisoQ of these columns, that the 
effects of the change of phase are in some cases important. The 
coefficients of parallax are affected in several instances by more than 
0*1, and in two cases by 0*22. In the cases of Crozet Idand (Table 
II.) and Chatham Island (Table III.) solar elevations are so im- 
proved that these stations, which would have to be. rejected if 
central passage were considered, are shown to be well suited for the 
observation of internal contacts. The diminution of all the co- 
efficients in Table IIL, through the change of phase, ha^ an im- 
portant influence on the value of Delisle's method, so far as ^resa 
observations are concerned. It is important to notice, also, that 
in the columns under my. name in Tables III. and lY. many stations 
not hitherto recognised as available are included among the best 
places for observing egress. The Indian stations in Table IV. are 
too valuable tto be neglected. Peshawur is better even than AleX'* 
andria ; Delhi is not inferior to the latter station (when solar eleva- 
tion is considered as well as coefficient of parallax). Bombay, 
Calcutta, and Madras are also excellent. It may be noticed also 
that Bombay and Madras, which, when considered with reference 
to central passage, had seemed suitable places for the observation of 
retarded ingress, are found to have so poor a coefficient of parallax 
when reference is made to internal contacts, that it would be useless 
to observe ingress there (so i&r at least as the application of Delisle^s 
method is concerned). 

Of course, it will be impracticable for this country to send 
observers to more than a certain number of stations. But it is not 
unlikely that besides Russia, France, and England (the only countries 
specially concerned in the transit of 1874), other nations may care 
to take part in the solution of the noble problem of determining the 
Sun^s distance; and thus it seems advisable that all the stations 
where there will be any chance of obtaining useful observations, 
should be tabulated as nearly as possible according to their true 
relative values. 

As regards the comparison between Delisle's and Halley's method 
for the transit of 1874, 1 may remark that M. Puiseux*s results seem 
to have been somewhat misinterpreted. He does not anywhere 
speak of Halley's method as the best, but simply states that he can 
see no reason why it should not be applied : nor do his figures 
establish the superiority of Halley^s method. 

I believe I shall be able to show, however, that there is at least a 
possibility that Halley^s method may be so applied to the transit of 
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1874 as to give absolutely tbe best means of determining the Sun^s 
distance available before the transit of 2004 (about the circum-> 
stances of which little is known). It only requires that the same 
energy should be devoted (either by England or some other nation) 
to the coming transit, which has been called for in relation to the 
transit of 1882. There will also be the same chance of failure in 
one case as in the other. 

To prove the justice of these views I point to Nertschinsk (or its 
> neighbourhood) as a suitable station for observing the lengthened 
transit, and the neighbourhood of Enderby Land as a proper station 
for observing the shortened transit. The above tables give for the 
former station a lengthening of (5'7"+9'8™) or 15*5" ; and for the 
latter a shortening of (1 1 •8°» + 8-5°^) or 20-3". The total diflference 
of duration is thus shown to be 35*8°^. Setting against this the best 
case for Delisle^s method (Woahoo from Table L and Crozet Island 
from Table IL), we get the total difference of absolute time, 
(lim.2 + 12°'-6) or 23»-8. And the relative values of the methods 
(in these cases the most &vourable for each) are given by the formula 

Halley'8 _^ (35-8)« {(4-28)2 4-(iy}* 2477t ^„^^wt.»w • 

and in this ratio, independently of all the other advantages which it 
presents, does Halley*s method surpass Delisle^s. By taking Kemp 
' Island, Adelie Land, Victoria Land, Crozet Island, or Kerguelen's 
Land for the southern, and Tsitsikar, Elirin-Oula, or Tientsin, for 
the northern stations, we get differences of duration ranging from 
33™ to 30* 6"*, corresponding (according to Mr. Stone's formula) to a 
range of from 24™ to 22*2™, in the case of Delisle^s method. There is 
little chance of the latter method being applicable with a difference 

* Here 1 have used the values given in Mr. Stone's paper, 'Monthly 
Notices of the AjBtronomical Society/ April 8, pp. 261, 262. . He would have 
obtained a larger value for e had he calculated for internal contacts. This 
would, of course, have been a diange unfavourable to my case. But against 
this I set the fact that his careful examination of the circumstances of internal 
contacts will tend to render the probable errors much smaller (relatively) in 
1874 than they were in 1769, when the observers h^d very^vague notions of the 
phenomena they were to expect and to watch. 

t It would not be correct to reduce the number of minutes 36*8 in a certain 
proportion, and take the excess over 23*8", as measuring the superiority of 
Hallej*s mode. The proper way of treating the question is to indicate the 
relation between the two modes by a ratio, as above. 
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greater tlian the lowetat of these iralues; and the highest is a 
difference which the best stations will not give by Delisle^s method. 

When it is remembered that Halley^s method is so much the 

' simpler, and that stations selected with reference to it give a double 

chance of at least a useful obseryation, the above considerations 

seem to decide the question of the relative yalues of the two methods 

in 1874. 

Lastly, as to the relative values of the transits of 1874 and 1882, 
considered with reference to Halley*s method. 

Mr. StoneV remark, that the choice of stations is limited to those 
at which the Sun will have an elevation of at least 10^, reduces the 
maximum available difference of duration in 1874 from 36f°^ (the 
value I had before mentioned) to 85}"^. But the transit of 1882 is 
much more seriously affected. The suggested station near Sabrina 
liand must be rejected at once. ■ And although the suggested 
station near South Victoria Land corresponds to an elevation of 10° 
at ingress (see Airy's map 5, ^ Monthly Notices * for December 1868), 
there is no accessible spot in that neighbourhood which will give any 
such elevation. At Possession Island the Sun*s elevation will not be 
much more than 5° at ingress ; and at Coulman Island, the most 
southerly station which Antarctic seamen hope to reach, the Sun's 
elevation will be but 7° ; and even if these islands were suitable, 
they give a difference of duration perceptibly less than that which 
I had dealt with in my former paper. 

I must add that I had fully taken into account the difference in 
the clinging of the disc of Venus to the Sun*s limb in 1874 and 
1882. Indeed, 1 had adopted a considerably greater proportion than 
that indicated by Mr. Stone. But as the principle he lays down 
requires that both Sabrina Land and Victoria Land should be 
dismissed from our consideration in 1882 — and as there is absolutely 
no other southern station at all comparable with these two, as &r as 
the lengthening of the transit's duration is concerned, we seem 
forced to the conclusion that if Halley's method fails totally for 
either of the coming transits, it is for that of 1882 and not for that 
of 1874. 

Abridged from the Monthly Notices of the Royal Mtronom^ ^al Society for Jane 

1869.> 

> The paper is also altered in certain nnimportant respects. And where in 
the original I wrote simply A, B, and C, I now sabstitute the names Airy, 
Pniseoxi and Proctor. The time has passed when reticence as to personal 
identity is nsefal, proper, or even just. 



— -Note - 
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ON THE APPLICATION OF PHOTOGRAPHY 

AS A ICBANB OF DBTBBHINIKG THB BOLAB PARALLAX 
FROM THB TBAKSIT Of TENUS IN 1874. 

It is impossible to read Dr. De la Rue*s account of tbe results of 
careful measurement applied to photographs of the solar eclipses in 
1860 and 1868 without recognising that we have in photography, 
as applied to the approaching Transit of Venus, one of the most 
powerful available means of determining the Sun's distance. Within 
the last few years, solar photography has made a progress which is 
Tery promi»ng in regard to the future achievements of the science 
as an aid to exact astronomy. So that doubtless, in 1 874, astro- 
nomers will apply photographic methods to the transit of that year, 
with even greater success than we should now be prepared to 
anticipate. It has therefore seemed to me that the photographic 
observation of the coming transit merits at least as full a preliminary 
inquiry as either Halley's or Delisle*s method of direct observation. 

The result of an inquiry directed to this end has led me to the 
conclusion that photographers' of the approaching transit should 
adopt for their guidance considerations somewhat different from 
those which have hitherto been chiefly attended to. 

It is undoubtedly true, as Dr. De la Rue has pointed out, that 
the photographer of the transit can readily take a large number of 
pictures, and by combining these, can ascertain with great accuracy 
the path of Venus across the solar disc. And by comparing the 
paths thus deduced for different stations a satisfactory estimate can 
be formed of the solar parallax. I do not wish to suggest any 
departure from this course of procedure. 

On the other hand, it is undoubtedly true, as Major Tennant has 
remarked, that the greatest effect of parallax will be obtained, for 
any two stations, when both stations, the Earth's centre, and the 
centre of Venus,. are in one and the same plane. So far as those 
two stations are concerned, his remark is just, that it is the position 
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brought into perfect correspondence with those belonging to the 
other, the distance a h will be correspondingly affected. In ^t, it 
would appear that if the usual methods for making the correr> 
spondence as exact as possible are followed, almost as large an error 
would be introduced through this cause alone as by errors in the 
measurement of a b, since the two processes — ^the measurement 
of a 5 and the adjustment of the sets of cross-lines — depend on the 
very same circumstance, the nicety, namely, with which the eye, 
and the judgment can estimate minute quantities of about the same 
relative dimensions. 

But now, if a and 5, in place of having the position shown ia 
fig. 3, were situated as in fig. 4, it is clear that the distance a b 
will not be appreciably afiected by any small error in the adjust-* 
ment of the fiducial lines. 

The object, therefore, which it seems most desirable to secure is 
that Venus, as seen firom two different stations at a particular 
instant, should have a relative parallactic displacement towards the 
Sun^s centre, or as nearly towards the Sun^s centre as possible. 
This amounts to adding to Major Tennant's conditions this further 
one, that the Sun's centre should be in the same plane with the two 
stations — or rather to making this condition Yis. 4. 

a substitute for that one which requires 
that the Earth's centre should be in the 
same plane with the two stations. For as 
a rule we must not expect to be able to 
secure that two convenient stations on the 
Earth, as well as the centres of the Earth, 
Venus, and the Sun, should be in the same 
plane. 

Dr. De la Rue's remark that by taking 
a series of pictures the position of Venus may be ascertained at any 
moment is in reality quite as applicable to my suggestion as to 
Major Tennant's. In fact, were it not, we might despair of securing 
the desired object, since we have no reason for believing that 
astronomers are so certain as to the exact progress of the transit, 
that the conditions could be secured by anticipatory instructions : 
whereas by applying Dr. De la Rue's method it will be possible, 
after the transit is past, to determine with any desired degree of 
accuracy the position of Venus at the proper instant. And further, 
it is very obvious that no error in the placing of the fiducial lines 
for pictures taken at the same stations can much affect the accuracy 
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of the result, since the oonipaiison of sucoeBsiye pictures, taken at 
the same station, does not directly involve the element of the solar 
parallax, as when we have to compare two pictures or paths deter- 
mined at different stations. 

The object, then, of the present paper and the accompanying 
chart is to determine what stations are most suitable for applying 
photography to the transit of 1874, on the principles above enumer- 
ated. I think the drawing will be found, however, to be also an 
instructive illustration of the whole character of the transit. 

In the last essay but one, I showed how all the chief elements of 
the transit could be deduced by considering the motion of Venus 
relatively to a pair of cones, each enveloping the Sun and the Earth, 
but one having its vertex outside the Earth, the other having its 
vertex between the Earth and the Sun. 

The remaining positions of the Earth in fig. 5, corresponding to 
the 11 pictures 3-13 in the illustrative plate, are those occupied by 
the Earth at successive intervals of 15 minutes, the picture num- 
bered 8 corresponding to the position occupied by the Earth at 16^ 
6*° 31" G.M.T., on December 28, 1874, when V^us makes her 
nearest approach to the centre of the Sun's disc. 

Now if we look at figs. 1 and 2, and consider what they repre- 
sent, we shall see that fig. 2 may be looked upon as exhibiting an 
inverted picture of the Sun's disc and the transit of Yenus's centre 
across it: we see, in fact, that the apparent position occupied at any 
instant by any point on the Earth's surface in fig. 2, corresponds 
exactly to the position occupied by Venus upon the Sun's disc, as 
supposed to be seen from that point of the Earth's sur&ce at the 
instant in question. We have only to invert fig. 2, and look at it 
from behind, to see what sort of path Venus would seem to traverse 
upon the Sun's disc, either with reference to the Earth's centre, or 
to any point of the Earth's surface supposed to be properly depicted 
upon the small discs 1-15 in fig. 10. 

It follows, therefore, that if we want to determine two stations 
at which at any instant Venus would appear to have a relative 
parallactic displacement towards the Sun's centre, all that is 
required is that we select two stations which are on the same radial 
Hne from the common centre of the circular sections in fig. 10. 

The positions of those radial lines which cross the Earth's track 
c d are exhibited in plate XVII. It will be understood, of course, that 
the three rows of figures belong in reality to a single row, the 
numbering of the successive pictures of the Earth indicating the 
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way in which that row would be formed by the combination of the 
three rows ehovrn in the plate. The acttud amngement is liirther 
illostrated by fig. 5 in which the same- _ 

numbers are used us in fig. 2, 

I need not explain the constmction of 
the plate, which depends on the simplest 
mathematical principtea, I hare taken a 
conaiderable amotmt of care to secure 
accuracy, not only in the projections of j 
the Earth, but in ihe position of the radial 
cxo»-lines>. 

Passing orer pictures 1 and 2, we notice in pictare 8, that Ker- 
guelen'a Land and Crozet Island, lying nearly on a line with certain 
of the Aleutian Islands, suggest that pictures taken at the former 
stations at the beginning of the transit could be advautageously 
compared with pictures simultaDcousIj, or almost siraultaneaualy, 
taken at a station on one of the eastemmoat of the Aleutians. In 
like manner pictures taken near Enderby Land could be advan- 
tageously compared with pictures taken at Woahoo. Projection 4 
does not differ much from the preceding, but the cross-lines have 
assumed a less inclined position, and Kerguelen's Land could, at 
the epoch belonging to this picture, be better combined with a 
somewhat more westerly Aleutian island. 

Projection 5 exhibits the advantage of a photographic station at 
or near Yokohama. Probably such a station, combined with one 
in Crozet Island or Kerguelen's Land, would give (by pictures taken 
near the hour belonging to Projection 5) absolutely the best results 
which photography can give. 

The remaining projections suggest the following combinations 
of photographic records ; — 

Projection 6. Yokohama and Enderby Land, Kerguelen's Land 
and a station iu Uanchooiia ; Crozet Island and Pekin ; Cape of 
Good Hope and Nertschinsk. 

Projection 7. Kerguelen's Land and Tsitsikar; Crozet Island 
and Nertschinsk ; Cape Town and a station west of Lake Baikal. 

Projections. Kei^elen's Land and Nertschinsk; Cape Town and 
Peshawur; Bepulse Bayor neighbourhood and Yokohama; Perth 
(Australia) and Yokohama. 

Projections. Repulse Bay and Yokohama ; Enderby Land and 
Nertschinsk ; Crozet Island and Calcutta ; Cape Town and Bombay. 

Projection 10. Bepulse Bay and Nertchinsk ; Possession Island 
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(near South Victoria Land) and Yokohama; Kerguelen's Land 
and Calcutta; Crozet Island and Pe^hawur; Cape Town and 
Teheran. 

Projection 11. Posseflsion Island and TsitBikar ; Repulse Bay 
and neighbourhood of Lake Baikal ; Enderby Land and Calcutta ; 
Kerguelen's Land and Madras; Crozet Island and Peshawur ; Cape 
Town and Aden. 

Projection 12. Possession Island and Nertschinsk; Enderbj Land 
and Madras ; Kerguelen's Land and Peshawur ; Crozet Island and 
Teheran. 

Projection 13. Possession Island and neighbourhood of Lake 
Baikal; Eepidse Bay and Calcutta; a New 2^1and Station and 
Yokohama; Hobart Town and a station near the mouth of the 
Amoor. 

From this list we see that Kerguelen*s Land and Crozet Island, 
Peshawur and other Indian stations, and stations in Siberia, are 
those which give the most favoiurable opportunities for the applica- 
tion of the photographic method. 

From the Monthly Notices of the Boyod Astronomical Society for January 1870. 
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THE DISCUSSION BESUMED. 

An important natural phenomenon will occur in the year 1874, and 
there is some fear that this country — ^though the Government 
has been liberal — will sufEer serious discredit from the manner 
in which the phenomenon is to be observed. There is still time, 
though not a day to spare, to avoid this result \ and it is chiefly 
with the hope of commending the matter to the attention of all 
who can help to avert national discredit that we submit the facts 
of the case to general attention, while time still remains for action. 

It is known to most of those who read these lines that on 
December 8, 1874, and again on December 6, 1882, the planet 
Venus will cross the Sun's face, and that no like phenomenon will 
occur after 1882 until the year 2004. It chances, moreover, that 
in one respect the transit of 1874 presents an opportunity which 
will not recur during the transit of 1882, so that for 130 years 
astronomers will be without the means of remedying any omission 
which may be made in the case of the transit now near at hand. 
It is to this opportunity that what we now have to say specially 
relates. 

Without entering into any scientific details, it may be staled 
that the importance of a transit of Venus, in an astronomical 
sense, depends on the &ct that as seen from the top or northern 
parts of the earth, Venus is projected lower down on the Sun's face 
than as seen from southern stations. And the great object of 
astronomers when a transit is to take place is to set observers £ir 
to the north and far to the south, in order that the observed dis- 
placement may be as great as possible. In December, of course, 
the Arctic regions are turned away from the Sun, so that no observer 
need be sent there ; but the Antarctic regions are then enjoying 
their nightless summer, and there, if possible, observers should be 
sent. Moreover, if this is to be done, our country, with its colonies 

S 
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near the Antarctic seas, is beyond all question the proper country 
to undertake the task. 

Accordingly for many years the question has been discussed. 
No less than sixteen years ago it was announced that so far as 
Antarctic voyages were concerned attention might be limited to the 
transit of ] 882. There seemed to be ample time, as well for pre- 
paration as for such preliminary reconnaissances as might appear 
necessaiy. In 1864 these statements were renewed more positively; 
and at last, in 186S, geographers and Arctic seamen were invited 
to give information as to suitable Antarctic stations, or rather as 
to the accessibility of those Antarctic stations which had been 
described as astronomically suitable. The geographers and Arctic 
seamen responded to the appeal. There were gatherings at thie 
rooms of the Astronomical Society and of the Geographical Society ; 
it was announced that Possession Island or Goulman Island, near 
the precipitous shore-line of Victoria Land, would be a suitable 
station; the necessary preparations were discussed and almost 
agreed upon, when, — ^when it was found that a slight mistake had 
been made. It was the transit of 1874, not that of 1882, which 
should have been prepared for by reconnaissances in Antarctic 
regions. It was shown unmistakably that whatever astronomical 
observations could be made in 1882 coidd be made to much greater 
advantage in 1874 ; that whereas the Sun would only be five or 
six degrees above the horizon at the critical moment of the ingress 
of Venus on the Sun's face in 1882, he will be more than twenty- 
five degrees above the horizon both at her ingress and egress in 
1874 ; that, in fine, as respects all the essential conditions of the 
problem, * some one had blundered.' 

A somewhat singular result followed. The author of this cor- 
rection was almost unknown to the astronomical world (three years 
before he had been altogether unknown). It was otherwise with 
the author of the mistake. Ninety-nine persons out of a hundred 
would have formed but one conclusion on the subject, if the correc- 
tion had been quietly ignored. This, however, was not what actually 
took place. A contest (though a feeble one) was maintained over 
unimportant details ; a statement was made that the researches in 
which the mistakes occurred were only preliminary and rough ; 
the suggested Antarctic voyages dropped out of notice ; other mis- 
takes, and especially the complete neglect of certain valuable 
stations in Northern India, were silently corrected. And most 
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persons entertained the belief that the author of the correction, 
having discovered a mareVnest, wished only to have the discovery 
forgotten. 

Now, at length, however (we may say at tiie last moment, when 
the difficulties of Antarctic voyaging are considered, nay, we may 
almost say, when it is too late), it begins to be recognised that the 
mistakes pointed out had a very real existence. Every one knows 
now that Antarctic voyages will not be made in 1882i It is also 
known that, whether the erroneous preliminary inquiries were only 
rough first approximations or not, no others have since been made 
by British astronomers, except those very inquiries by which the 
errors in question were discovered (and certain corroborative re- 
searches published in the ' Nautical Almanac * for 1874) ; and the 
inquiry is naturally made if Antarctic voyages were supposed to 
be worth making for the over-valued transit of 1882, are they to be 
neglected for the earlier transit now shown to have a greater value 
even than that of 1882 had been supposed to have? This is a 
question very seriously affecting the scientific credit of this coimtry. 
There has been, or let us hope we may still say, there is a certain 
opportunity, in which the whole scientific world has an interest. 
This opportimity is the only one of the kind since the year 1769, 
and until the year 2004. To this country specially falls the duty 
of seizing the opportunity, — the opportunity^ namely y of making 
absolutely the most effective observations for the determination of the 
Sun^s distance possible during an interval of two hundred and thirty- 
five years. What will be said and thought of the science of this 
country, if, hereafter, it must be recorded that the opportunity was 
missed through an astronomical blunder, and that, when the blunder 
was indicated, four precious years were allowed to elapse, during 
which nothing was done to replace an impracticable scheme by one 
which could very readily have been carried out ? Twelve years 
of error followed by four years of apathy, — surely if the remembrance 
of these things can be removed by an energetic effort, the effort is worth 
making. Let us see what is wanting. 

K the work had been begun four years ago, the thing to be done 
would have been to make reconnaissance& for a wintering station 
near Enderby Land (on the Antarctic Circle, and due south of the 
Crozets).. For that is where the very best astronomical results 
would be obtained. It is probably too late for this. There remains 
however, Possession Island, near Victoria Land, in south latitude 

8 2 
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72^ and east longitude 71^. This chances to be the station which 
was agreed upon as the best for observing the transit of 1882. It 
is true that the astronomical authority who had made the mistakes 
above mentioned had indicated as a suitable station a spot on a 
precipitous and most dangerous shore-line, where Sir James Ross 
had not found the slightest sign of an opening. But setting that 
opinion aside, the geographers and Arctic seamen (amongst them one 
at least who had accompanied Ross in his Antarctic voyages) agreed 
that Possession Island was the only available place. It was shown 
that this station could be readily reached, that a landing could 
be made (Ross landed a party there in 1842), that with good huts 
a party could winter there, and that meteorological chances would 
be &vourable. Nothing was said about the Sun's elevation at the 
critical moments of the ingress and egress of Venus. It was the 
troublesome person we have spoken of above who first pointed out 
that the Sun would only be five degrees above the horizon of Pos- 
session Island when Yenus entered upon his disc. This was a &tal 
difficulty, because the leading practical authorities had decided that 
a solar elevation of ten degrees was the very least which would 
permit of sufficiently accurate observation of the phenomena pre- 
sented as Venus enters upon the solar disc. Now, as respects the 
transit of 1874, the Sun's elevation at this very station will be 
twenty-five degrees (about the elevation of the Sun at noon, in the 
middle of February in London), when Venus enters on his disc, 
and thirty-eight degrees when Venus leaves his disc. All the other 
astronomical circimistances are also most favourable. 

The great difficulty is that, owing in the first place to the im- 
fortunate mistake above mentioned, and in the second to the fiict . 
that no effort has been made to retrieve matters since the mistake 
was pointed out, it is now barely possible to get an expedition 
suitably furnished forth in time to reach Possession Island in 
January 1874. This is essential, because navigation is not open 
in Antarctic seas so early as December 8, and accordingly an observ- 
ing party must winter in Possession Island. Nevertheless, there is 
still a chance of retrieving matters, if sufficient energy be displayed 
in good time. It seems hopeless to look for action on the part of 
the astronomical authority whose influence would be most powerful, 
since such action would be the admission of mistakes which had 
been long entertained, and have been followed by an inexplicable 
apathy. But the facts are now patent ; the scientific honour of our 
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country is at stake ; the way to save it is plain and straiglitforward ; 
difficulties and dangers have not hitherto deterred our countrymen 
in such matters ; and it cannot surely be feared that in so critical 
a case the mere cost of the required expedition will stand in the 
way. If an expedition from this country cannot be managedj one 
should he sent from Australia or New Zealand. 

From the S^pettaUp^ for Febmaiy 8^ 1873. 
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THE ASTRONOMER ROYAL'S REPLY. 

\_A Letter to the Secretary of the Admiralty on certain Articles 
Wtkich had appeared in the Public Newspapers in regard to the 
approaching Transit of Fenti*.] 

*I HAVE the honour to acknowledge your letter of February 
14th, calling my attention to articles which have appeared in the 
" Spectator " newspaper of February 8th, and the " Times " of Feb- 
ruary 13th, and requesting my views on these for the information 
of the Lords Commissioners of the Admiralty. I have procured 
the papers in question, and also the " Times " of February 20th, 
which contains articles of opposite characters bearing on the same 
subject ; and have also received a paper by Dr. Oppolzer of Vienna, 
of very elaborate character, scarcely known in this country. 
I have the honour now to offer my remarks upon the whole 
subject. 

^'2. The English papers are moderate and courteous in cha- 
racter, though distinct in their meaning. They are based entirely 
upon investigations by Mr. R. A. Proctor published in iJie " Monthly 
Notices," especially in the " Notice " of June 11th, 1869. These 
investigations are illustrated by tables and maps of great clearness 
and unquestionable value; and to these, mainly, I shall refer 
in the following remarks. I shall, however, also extract some 
numbers from the calculations made by the Superintendent of the 
"Nautical Almanac,'* and published in the "Nautical Almanac" for 
1874 ; and some notes from the paper of Dr. Oppolzer to which I 
have alluded. 

' 3. Eemarking that the proposal to make observations on the 
Antarctic continent is essentially connected (as I shall shortly show) 
with the idea that efficient observations may be made in the ex- 
treme north of Asia, I will first point out that this matter entered 
into my consideration in my original communication to the Royal 
Astronomical Society in 1857. In speaking of " the application of 
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the method of difference of duration of transit " (called " Halley's 
Method!' in the newspapers) " to the transit of 1874," I said, "The 
most northerly stations are to be found in Siberia, Tartary, and 
Thibet (which will scarcely be visited by astronomers in December), 
on the coasts of China, and in North British India." And, remark- 
ing that the whole discussion is founded on the assumption by Mr. 
Proctor that comparisons of duration of transit at different places 
possess a high value, I state that in 1869 M. Puiseux had indicated 
this; that in the *' Monthly Notices," March 12, 1869, I answered 
M. Puiseux, showing that I had already considered his suggested 
stations, and also that a ratio of probable errors to which he had 
not adverted must be taken into consideration. I believe that the 
idea has not again been promulgated on the Continent. I advert to 
these historical points for the purpose of showing that the matter 
has been sufficiently present to my mind. Subsequently Mr. 
Proctor took up the question, straining to the utmost the idea of 
separating as far as possible the northern and southern stations, and 
considering nothing but their geometrical relation. 

' 4. I may here conveniently cite some passages (translated) 
irom Dr. Oppolzer's paper, page 75 : "In Halley's method in 
general, the longitude of the place of observation needs only 
approximately to be known, in order to determine the value of the 
parallax &om the time of duration ; and this was in the eighteenth 
century to be regarded as an especially great advantage, as the 
accurate determination of longitudes was then an almost insoluble 
problem ; but in the present very perfect knowledge of the 
Moon's motion, there will be no very great difficulty in obtaining 
satisfactory determinations of the longitude. The application of 
Halley's method possesses therefore in the present day no special 
advantage. If the longitude is determined with certainty, it is of 
more advantage to the accuracy of the result not to use the observa- 
tions as durations, but to treat them as made for the application 
of Delisle's method [the comparison of absolute times at different 
stations]." 

' 5. My own preparations have been going on entirely in the 
same spirit as that which influenced Dr. Oppolzer in writing these 
remarks. The labour which I contemplate as to be employed in 
determining the local longitudes very far exceeds that for the 
mere observation of the transit. In a stay of three months I hope 
to be able to obtain at each station 30 meridional transits of the 
Moon, and 120 extra-meriodional transits, vertical or horizontal ; 



264 



THB COMING TRANSITS. 



and I do not doubt that the longitude obtained will be certain 
within 1' of time. 

' 6 Assuming (as Mr. Proctor appears to have assumed, and 
with my assent thereto) the probable error of clock observation 
of an ingress or egress as 4**28, then the probable error of 
absolute time in seconds is a/ {(4'28)*+1},^ and the probable 
error in the comparison of absolute times at two stations will 
be V' 2 X V {(4-28)*+ 1}. This is the probable error for 
Delisle's method. When both ingress and egress are observed at 
one station, the probable error of each is 4*28, the probable error 
of the interval is ^2 x 4^28, and the probable error of the com- 
parison of the intervals thus observed at two stations is 2 x 4*28. 
This is the probable error for Halley's method. The proportion or 

Halley's 

J. y II is 1*879. The demerit of a comparison of observations 

depends on the proportion 

Probable Error. 



Difference attributable to Parallax 

'Therefore, in order to ascertain whether a comparison in 
Halley's method is as good as one in Delisle*s method, we must find 
whether the parallax difference in Halley's method is greater than 
that in Delisle's method in the proportion of 1 : 1*379. And 
taking Mr. Proctor's selection of a fundamental Delisle's com- 
parison (Woahoo^Orozet Island) at 2d™'8, and remarking that 
23*8. x 1*879 ss 32*8, we finally arrive at this simple criterion, 
that if the parallactic difference of duration in Halley's method 
in any special comparison of observations is greater than 32"^'8, 
that comparison is more valuable than one in Delisle's method ; 
if less than 32™'8, it is less valuable than one in Delisle's method. 

' 7. I will now exhibit the application of this criterion to three 
northern and three southern stations : — 
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> In Mr. Proctor's formula, * Monthly Notices/ 1869, June 1 1, p. 8 1 5, the fac- 
tor is omitted by a printer*s error. The computed numbers appear to be correct. 
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' The combination of Nertscbinsk and Enderby gives a number 
greater than the criterion ; and therefore, if there were no other 
difficulties in the way, it would be well to combine these two 
stations. But the combination of Nertschinsk with Crozet or 
Kerguelen gives a number below the criterion ; and therefore, if 
Enderbj is not secured, the observation at Nertschinsk possesses no 
special value of the kind considered. The combination of Enderby 
with Tientsin or Pekin gives a number scarcely above the criterion, 
and therefore, if Nertschinsk is not secured, the observation at 
Enderby scarcely possesses any special value. 

' 8. I will now advert to the local circumstances. A few of the 
following numbers are taken roughly from Mr. Proctor's maps, but 
none are seriously in error : 
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' Nertschinsk is a station in Siberia, in high latitude, nearly 1000 
miles from the nearest sea. I presume that its climate is truly con- 
tinental. At St. Petersburg, in the winter, the sun sometimes is 
not seen for several weeks together ; I suppose that the same may 
happen at Nertschinsk. The Sun's elevation at the observations will 
be rather small. I doubt greatly the probability that any observa- 
tions can be made there. 

* Of Enderby's Land very little is known. It is certain that an 
expedition to that region must be exposed to long confinement and 
great severities, affecting even the metallic instruments. 

* 9. On a review of the whole case, I decline to recommend that 
an expedition be sent to Enderby Land, or to any station in the 
Antarctic continent. 

' 10. In one of the papers to which my attention was called, it 
was suggested that, referring to the belief that Lord Lindsay pro- 
poses to make observations at the Mauritius, the Rodriguez observa- 
tions should be abandoned, and a ship thus set at liberty for the 
South continent. I very highly respect Lord Lindsay's spirit of 
enterprise, but there are abundant reasons for refusing to abandon 
a Government expedition in the hope that a private astronomer will 
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do something equivalent. I add that the position of Mauritius is 
inferior to that of Rodriguez. 

'11. It seems to be conceived bj the writers of the papers that 
no attention has been given to India. For myself I can say that 
it has been duly considered, but that, in reference to the original 
proposal of relying on eye-observations, I saw no reason for esta- 
blishing a station there, and in particular I objected to a proposed 
substitution of Peshawur for Alexandria. The introduction of 
photography has introduced new geometrical considerations, princi- 
pally pointed out by Mr, Proctor ; and I have endeavoured to 
carry out the establishment of a photographic station in India. 
The matter is now in a stage in which I have no control or official 
information. 

'12, The only extension of the original plan to which I look as 
a contingency is this. My scheme was drawn up, and action was 
taken on it, before the outbreak of the war between France 
and Germany. In proposing that Great Britain should take up 
a station in the Sandwich Islands, I expressly recorded my hope 
that France would equip a station at the Marquesas. This hope 
may now be frustrated, although I know so well the noble spirit 
of that nation in all matters relating to science that I can scarcely 
entertain the thought. But I am not aware that any positive 
arrangement has yet been made, either by the French or the 
American Governments, for filling up the gap in the Pacific. At 
present, that is the weak part of established plans. Should the 
deficiency continue to exist, some effort might well be made to 
supply it. 

* Bojal Observatory, 0-reenwich, 
• February 21, 1873.* 

From the Monthly Notices of the AstrononUoal Society for March 1873. 
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I take the articles of this letter seriatim. 

1 and 2 need no comment other than a recognition pn my part 
of the courteous tone in which they are expressed. * 

3. I shall presently show that efficient observations at high 
northern stations are not necessary in order to render observations 
by Halley's method superior to the proposed observations by 
Delisle^s. I am at a loss to understand how the question can be 
said to have been sufficiently taken into consideration in the 
Astronomer Royal's original communication to the Royal Astrono- 
mical Society in 1857. I would refer to that communication itself, 
and to my remarks upon it and quotations from it elsewhere in 
the present volume. The mere circumstance that the estimated 
epochs of ingress and egress were nearly an hour in error 
would suffice of itself to show that that communication did not 
and could not indicate the actual circumstances of the transit of 
1874. It is a mere accident that the places indicated fall on parts 
of the somewhat extensive regions there named by the Astronomer 
Royal ; but no details as to 1ime-di£ferences or solar elevation could 
have been deduced from liie rough investigation then made, nor as 
a matter of fact is a single detail of the kind mentioned in that 
communication. Nevertheless, as it was the first, so also it was 
the last communication in which tjie Astronomer Royal made any 
definite statements respecting the value of Plalley^s method in 
1874. These remarks relate also to the Astronomer Royal's reply 
to M. Puiseux in the •* Monthly Notices ' for March 1869, which 
I found myself at the time (as I find myself now) unable to 
reconcile with the paper of 1857. Whether I am mistaken or not 
in my interpretation of the latter paper can be ascertained by a 
study of its contents so far as they relate to the transits of 1874 and 
1882. 

I conceive that a careful comparison of the Astronomer Royal's 
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discussions of the transit of 1882 with my discussion of the transit 
of 1874, considering both with specjal reference to the application 
of Halley's method, will afford ample evidence that I have not led 
the way in ' straining to the utmost the idea of separating as far as 
possible the northern and southern stations, and considering nothing 
but their geometrical relation.* 

4. Premising that Dr. Oppolzer's paper, assuming it to have the 
Astronomer Eoyal^s assent, has led to a marked change of opinion 
on his part as to the advantages of Halley's method, I would remark 
that that paper strengthens all the reasons which have been urged 
by myself for selecting stations where the whole transit can be 
observed. For if, besides the use which can be made of the obser- 
vations of duration at such places, the time observations can be 
used for Delisle's method also, such stations have an enhanced 
value. This applies with special force to Antarctic stations for 
observing the transit, since at every such station advantageous for 
applying Halley^s method, Delisle's method can be applied advan- 
tageously both at ingress and egress, and at one or other more 
advantageously than at any of the selected southern stations for 
observations by this method. This remark relates also to stations 
which are not within the Antarctic circle, and can undoubtedly be 
reached in December ; and it is especially to be noted, that there 
would be no occasion to make observations for determining the 
longitude, until the actual observation of 'the transit had been 
' successfully made. If the weather were unfavourable during the 
transit, there would be an end of the matter. If the weather were 
favourable, astronomers could thereafter, at their leisure or con- 
venience, determine the /longitude of stations where observations had 
thus been successfully made. Again the remark applies with 
special force to the North Indian stations suitable for observing the 
retarded egress. At Delhi, for example, while the circumstances 
for observing this special phase are superior (when solar elevation 
is taken into account) to those at the sdiected station, Alexandria, 
the whole transit will also be observable, whereas at Alexandria 
only the end of the transit will be seen, and that under conditions 
by no means &vourable. 

5. This article illustrates strikingly the superior simplicity of 
Halley's method. Granting Halley's method to be only equal to 
Delisle's in any given case, it nevertheless must be far less costly if 
a three months' stay is regarded as necessary for determining the 
longitude in the application of the latter method. This remark 
would of course not apply to the suggested occupation of Possession 
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Island. But it is to be remembered that Antarctic exploration, and 
particularly an Antarctic wintering expedition, would have very 
great scientific interest apart from astronomical considerations. In 
proof of this I need only refer to the passages quoted in the next 
essay from the Astronomer Royal's communication in the ' Monthly 
Notices ' for May 1865. 

6. I must remark that in assuming 4**28 as the probable error 
of clock observation of ingress or egress, I was adopting, without 
assenting to it, an extreme estimate. I should regard the probable 
error of such observations made, as during the transit of 1769, to be 
about 4J* ; but in the observations to be made during the coming 
transit, guided as they will be by the experience which has been 
obtained in these matters, I should consider 3' an ample estimate of 
the probable error. Adopting this estimate instead of Mr. Stone's 
estimate (strained to a maximum, I conceive) we obtain a proportion 
much more favourable to my case. 

But / do not press this point, simply because it is a matter of 
opinion, I note only that Mr. Stone's estimate seems to me 
excessive. 

I challenge directly, however, the Astronomer BoyaPs adoption 
of my own selection (Woahoo and Crozet Island) as a fundamental 
Delisle's comparison. I took purposely an extreme case in favour 
of Delisle's method ; and if that extreme case is admitted, so also 
must the extreme cases for Halley's method. But if, in testing 
Halley's method, we are to take into account other considerations 
than geometrical ones, so also must we in testing Delisle's method. 
I apprehend that the comparison must, in fairness, be made with 
the Astronomer BoyaFs proposed arrangements, not with a scheme 
which was only suggested hypothetically. 

7. I will exhibit the application of the Astronomer Boyal's 
criterion (reserving my assent thereto) to his selected stations : 
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' I find this station in the announced list of places to be occupied by Eng- 
land ; but if I remember rightly there has been some change. In default of 
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It is with these values, and not with the value resultiug- from 
the consideration of a station which is not, in point of fact, to be 
occupied, that compaiiaon should be made. Let it suffice to saj on 
this point that taking the least £ivourable cases in the Astronomer 
RoyaPs table, — ^viz. Pekin and Kerguelen's Island, — ^we obtain as the 
difference of duration 

12"'9 + 16»-6=29"-5 

which is better than the best of the above values, obtained bj 
applying to the best of the stations actually selected the Astronomer 
EoyaPs extreme criterion. 

For further evidence on this point see the table which follows 
this paper. 

8. As to local circumstances, I may point out that they affect the 
application of both the methods. Cloudy weather at Woahoo in 
December is a contingency far too probable to be overlooked. 
Observations of Orsk, Omsk, and Tobolsk are not unlikely to be 
lost through bad weather. Much must inevitably be risked, what- 
ever plans be adopted ; and as my suggestions involve a greater 
spreading of the observers than the Astronomer Royal contem- 
plates (since America, Germany, and France are likely to con- 
gregate around the very regions marked out for Great Britain), I 
conceive that on the whole (and apart from all other considerations) 
the chances of success would be increased by the suggested change 
of plan. 

I dwell with special force upon the fact that the effective use of 
Hallexfa method would render it necessary to occupy two regions, one 
lying between the northern regions for observing accelerated ingress 
and retarded egress, the other lying between the southern regions for 
observing retarded ingress and accelerated egress. This I take to 
be a most important point; for the chances of a successful 
resxdt cannot but be reduced if these regions of vantage are left 
unoccupied. 

9. Compare the passages cited from the Astronomer Royal^s 
communications to the Society in 1857, 1864,. 1865, and 1868, in 
my accompanying paper. 

10. Relates to a matter respecting which it would be improper 
for me to express an opinion. 

the actually selected station, I adopt the station originally proposed. What- 
ever difference there may be in the acceleration will be slight. [This is cor- 
rected further on.] 
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11. I venture to quote, in full, from the * Monthly Notices * for 
December 1869, the Astronomer Royal's remarks on the stations 
suitable for observing the egress as retarded by parallax. I cannot 
find any evidence in these remarks (his last public remarks on the 
subject) to prove that the North Indian stations suitable for observ- 
ing this phase (the only phase for which North Indian stations are 
in question at all) have been * duly considered ' : — 

' The stations which are favourable for this observation are 
almost entirely on Russian and Turkish territories. At none of 
them is the &ctor less than 0'84 ; and we have, therefore, only to 
consider the elevation of the Sun, leaving to the national govern- 
ments to estimate the facilities or difficulties depending on the 
locality, the climate, or the season. Any station either to the 
east or to the west of the Lower Caspian will have the Sun well 
elevated. Omsk, Qrsk (whose longitude has been determined 
with peculiar care), Astrakhan, Erzeroum, Aleppo, Smyrna, and 
Alexandria, have the Sun feufliciently high. At Tobolsk, Perm, 
Kazan, Kharkov, Odessa, Constantinople, and Athens, the Sun will 
be rather low, and at Moscow it will be on the horizon. We 
may with the utmost confidence leave the selection of the stations, 
the determination of longitude, and the observation of the pheno- 
menon, to our Russian friends. One station, however, ought 
specially to be considered as being, for this purpose, in British 
hands, namely, Alexandria. It appears not improbable that we 
may soon have very direct telegraphic communication with Alex- 
andria ; but failing this, I trust that no efforts will be wanting to 
determine accurately its longitude ; a longitude which was, in the 
survey of Admiral Smyth, and which always must be, the zero of 
longitude in the Levant. This being ascertained, Alexandria would 
probably be the best of all the stations for observation of the 
retarded egress.' 

It will be observed that India is not even mentioned. I myself 
only indicated Peahawur as marking a suitable part of India. Delhi 
and other conveniently accessible stations would serve equally well. 
12. Relates to considerations respecting which I have no opinion 
to offer, beyond the expression of my belief (justified by events 
which have recently occurred), that the share taken by America in 
the work of observing the coming transit will be a large and im- 
portant one. 

I may remark, in conclusion^ that as respects wintering at 
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Possession Island, I have no opinion of mj own to maintain. I 
have simply adopted the statements of the most experienced autho- 
rities on the subject. When the Astronomer Kojal was earnest 
in endeavouring to secure observations by Hallej*s method in 1882, 
he accepted the favourable statements of those authorities readily, 
or rather, even eagerly ; now that Halley's method is being dis- 
countenanced, those &vourable statements are lightly regarded. 
For myself I am content, in a matter in which I have not the least 
experience, to take the opinions of those who are imderstood to have 
great experience.^ If Admirals Richards and Ommanney, and 
Commander Davis now consider that they were mistaken in what 
they said in 1868, so be it, — I accept their present opinion. It 
does not affect my argument. Many stations remain which are 
certainly accessible early in December, and would give better results ■ 
by Halley's method than even Sir George Airy expects to obtain by 
Delisle's. 

' I pointed out, however, in my * Sun ' (and I believe I was the first to 
remind the general public of the fact) that Possession Island, owing to the 
enormous quantities of guano, would be a disagreeable if not dangerous 
wintering station. Still I supposed that the fact had been in the remembrance of 
Commander Davis, when he decided that it was possible to winter at Possession 
Island. 

Prom the MontMy Notices of the Astronomical Society for March 1873. 
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THE TRANSIT OF VENUS IN 1874. 

It will be in the remembrance of most of the Fellows of the Astro- 
nomical Society that four years ago a paper of mine was read in which 
the circumstances of the transit of 1874 were subjected to a more 
careful and detailed examination than had till then (to the best of my 
knowledge) been applied to the subject. Towards the end of that 
paper ^ I pointed to certain conclusions respecting the application of 
Halley's method during the transit, which were certainly new at that 
time, though they have since been abundantly confirmed in many dif- 
ferent quarters, notably in the pages of the ' Nautical Almanac ' for 
1874. Two months later, or in May 1869, 1 read a paper in which 
these conclusions were further advocated, and illustrated by a series 
of projections.^ Thereafter, with the exception of two or three short 
notes to meet objections which had been raised by Mr. Stone to 
points of detail, I have not, at any of our meetings, or in Council, 
touched further upon the subject of the approaching transits. 

I trust it will not be thought by the Society that I have exhi- 
bited any undue impatience. My fear is, indeed, that hereafter 
the examination of all the circumstances may lead to the impression 
that I have been remiss (holding the opinions which I entertain on 
this subject) in leaving the matter to so late an epoch. This, 

' I feel bound to dwell npon the fact that that paper was commenced, and 
continued {pari passu with the calculations whose residts it presents) up to the 
portion referred to in the title as * An Addendum/ before I had any notion 
that the results at which I should arrive would be different from those indicated 
from the year 1867 to December 1868, by the Astronomer Boyal. Anyone 
who will examine th^ essay carefully, wiU recognise abundant evidence of this 
fact. It WAS somewhat hastily and quite mistakenly assumed that the paper 
was * an attack from beginning to end ' on the Astronomer Royal's essays. 

' In this paper, the series of results which I controverted were simply de- 
scribed as those obtained by a certain process, and they were tabulated under 
the letter A ; Puiseuz's results, which were much more near to exactness, were 
tabulated under the letter B ; my own under the letter C. 
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however, will be regarded, I conceive, as a fault on the right side, 
more particularly when I mention that, as editor of the Proceedings 
(during Professor Cay ley's Presidentship) I have felt some degree 
of delicacy in touching upon a matter which had formerly been a 
subject of discussion between myself and the late first Assistant at 
the Greenwich Observatory. 

There is now no time for further delay, at least as respects the 
part of the subject which I propose chiefly to consider — the ad- 
visability, namely, of endeavouring to secure Government assistance 
for an expedition to the Antarctic regions with the object of 
applying Halley's method to the transit of December 9^ 1874. 

Moreover, it is absolutely necessary for the due enforcement - of 
my views (now that time so presses) that I should indicate precisely 
how and where the mistakes arose which led to the adoption of 
views altogether different. Because if I fkil' t». do this,. this result 
will inevitably be that many persons will suppose me to . be, merely 
advocating a certain opinion (and that against l^e leading authority 
in all such matters), whereas in reality the question is one of easily 
ascertainable facts. In saying this I speak from experience. Four 
years ago, I published my views without explaining: where and 
how the views which I opposed had had their origin ; and I find 
that quite a large proportion of those who read my papers judged 
that I merely differed from Sir George Airy on a matter of opinion, 
not on matters of fact (mathematically testable)* 

What I propose to prove, in what follows, is, that certain ad- 
vantageous circumstances, which had been supposed to» exist only 
in the case of the transit c^ 1882, exist in a greater degree in the 
case of the earlier transit ; that difiiculties which render the ob- 
servations of Halley's method inapplicable in 1882 do not exist in 
1874 ; and, lastly, that the statements (I may say the earnest appeals) 
made by the Astronomer Royal in the case of the transit of 1882, 
pledge this country (because made by its ofiicial astronomical 
representative) to the duty of undertaking an expedition to view 
the transit of 1874 (now that its circumstances are known) from 
some Antarctic station or stations. 

Let it be premised that the reasoning by which, in 185>7, it 
seemed to be demosifltfateii that Halley's method is inapplicable in 
1874, is sound in its general bearing. It breaks down only when 
tested by details. 

Let Fig. 6 represent the ikce of the Earth as supposed to- be 

T 2 



276 THE COMING TRANSITS. 

seen from the Sun during a December transit, such as either of 
the approaching transits. Now, the Earth during the transit is 
moving from right to left, or in the direction shown by the long 
arrow. Her rotation shifts points on her sur&ce in the way shown 
by the small arrows on the latitude parallels, the shift due to this 
cause being greatest on the equator. This motion manifestly takes 
place in a sense adverse to that of the Earth's motion of revolution, 
everywhere except at stations on the shaded lime of the disk. 
Now, Venus transits with the excess of her motion of revolution 
over the Earth's ; and anything which tends to reduce the effects 
of the Earih's motion of revolution, increases the excess of Yenus's 
motion — or in other words, hastens Venus in her transit. So that 

Fig. 6. 




''^^D£D By 



at every point of the unshaded portion of the disk in Fig. 6 Venus 
is hastened, more or less, by the effects due to the Earth's rotation. 
On the contrary, at every point on the shaded portion of the disk 
Venus is retarded in her transit. 

Now let it be noticed that these circumstances affect diversely 
the two transits of such a pair as we are now awaiting. If Fig. 7 
represents the Sun's disk, the north point being uppermost, then 
the lines ab, c d, will represent chords of transit in 1874 (a b being 
the chord for a Northern, c d being the -chord for a Southern observer) ; 
and a' ft', d d* will represent chords of transit in 1882 (al b' being 
the chord for a Northern, c' d' the chord for a Southern station). 

Now, it is manifest that in 1874 the conditions affecting the 
duration of the transit as seen at a Northern station are adverse. 
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The chord a & is longer, owing to the northerly latitude of the 
observer ; but Venus is hastened on her course, and therefore the 
lengthening is not so great as it otherwise would be. We have 
then one &yourable and one unfavourable condition, the latter to 
some degree cancelling the former. (In some transits of the kind, 
the effect of rotation wholly cancels, or even more than cancels, the 
effect due to latitude.) The Southern station, if taken where, 
throughout the transit, the observer is on the portion of the disk 
represented without shading in Fig. 6, will give conspiring effects. 
The chord of transit c d will be shortened, and Venus will be 
hastened on her course. Hence we have for this station two 
favourable conditions. In all we have three favourable conditions 

Fig. 7. 




and one unfavourable condition — so that if the conditions are all 
equal in value we have a balance of only two favourable conditions. 
On the other hand, in such a transit as that of 1882 we can 
theoretically secure four favourable conditions. We have at the 
Northern station the shortened transit chord a' b/ and a hastening 
of Venus, or two conspiring conditions. At a Southern station we 
have the lengthened transit chord c^ cf , and by taking a station which 
throughout the transit lies on the shaded part of the disk (that is, 
an Antarctic station passing below the pole during the transit hours), 
we have Venus retarded on her transit path, or again we have two 
conspiring conditions. In all, then, we have four favourable con- 
ditions, or twice as many as we obtain for the balance of &vourable 
conditions in 1874. 
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This is theoretically sound. Moreover, it is quite commonlj 
the case that the efifects due to rotation are equivalent to those due 
to latitude, and that therefore the adverse conditions at a station 
placed as the Northern station in 1874, may be regarded as cancel- 
ling each other. In the celebrated transit of 1769, for example, the 
conspiring effects of rotation and latitude were nearly equal. The 
Astronomer Royal, in his * Popular Astronomy' (published in 1848, 
be it noticed), justly assigns to rotation 10 minutes out of the ob- 
served maximum difference of duration, 22 minutes. It does not 
seem rash to infer that he had this result in his thoughts (misleading 
him, in fact) when, after mentioning that the Northern stations best 
placed as respects latitude would probably not be occupied in 
1874, he proceeded to remark in 1857 that the 'observable dif- 
ference ' in the earlier transit would * probably not be half of that 
in 1882.'* It is at any rate noteworthy that the investigation then 
made into the conditions of the transit of 1874 did not claim to be 
accurate on points of detail — in fact, the estimated epochs for the 
beginning and end of the transit were each of them in error by 
nearly a iull hour. So that we may regard the opinion just quoted 
as based on the general considerations previously indicated, not on 
any exact investigations of the circumstances of the transit of 1874 
in points of detail. The use of the word * probably,' in fact, suffices 
to show this. 

But, be this as it may, it is unquestionably the case that those 
were the last words of the Astronomer Royal on the point in 
question — Hhe observable difference of duration' in 1874 *will 
probably not be half of that in 1882.' When he spoke again about 
the general subject in 1864, and again in 1865, he confined his 
remarks altogether to the transit of 1882. In December 1868 he 
remarked that Halley's method had been shown to ' Ml totally ' in 
1874. 

Now let us inquire how far this statement is justified by fectSy 
when details come to be considered. 

Let it be noticed that at the Northern station the effect of rotation 
was supposed to cancel, or nearly so, the effect due to difference of 
latitude. In other words, at the best Northern station there would 
be scarcely any lengthening of the durations. This is a very simple 
issue, relating to a question of fact, not of opinion. Now, in May 
1869 (see p. 249), I stated that at Nertchinsk, in Siberia, the transit 

* See the 'Monthly Notices of the Astronomical Society' for May 1857« 
p. 215. 
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would be lengthened bj 15-^ minutes. How considerable this 
lengthening is will be seen at once, when I point out that by 
imagining the Earths rotation reversed, so as to conspire with 
the effect of latitude, we could only obtain as an absolute maxi- 
mum of difference (with the Sun suitably high both at ingress 
and egress) the value 21 minutes, so that we may regard l?!" 
as the difference due to latitude alone, and capable of being 
only affected 2^ either way by rotation; and it never happens 
in any transit that the absolute maximum of difference is obtain- 
able. But now as to the accuracy of my statement : — Referring 
to the 'Nautical Almanac' for 1874, I find the following state- 
ments respecting the mean duration of the transit (for internal 
contacts and the duration at Nertchinsk Mines. At p. 434 : 

h m 8 
Internal Contact at Ingress . • » 14 15 24 O.M.T. 

„ „ Bgt&Ba . . . . 17 67 26 

Conseqiiently the duration of the Transit as 

seen from the Earth's centre is 3 42 2 

At p. 20 of the Appendix : 

Nertohinsk Mines 

o / h m 

Lat 51 18 N. Int. Contact at Ingress, Dec. 8, 22 8*2 Local T. 

Long. 119 36 E. „ Egress, „ 9, 2 5*3 

Consequently the duration of the Transit as 

seen at Nertchinsk Mines is . . . . . 3 57'1 

Or the lengthening at this station is 2!^ 57" •! - 3* 42« 2» = 15" 4« 

Now, if it be noticed that the place dealt with in the ' Nautical 
Almanac * lies 42' of latitude south of Nertchinsk itself (at least 
according to the position given in ' Phillips's Atlas,' Index, p. 22), 
and that this difference corresponds to about 25 seconds of time in 
the duration^ (which is, of course, reduced the further south the 
station is taken), it will be manifest how closely my graphic con- 
struction corresponds with the results of the calculations employed 
in obtaining the corresponding values in the ' Nautical Almanac.' 

And if further confirmation be required let it be noticed that 
Russia has in a very practical way adopted the conclusion which 
I believe I was the first to point out, by selecting Nertchinsk Mines 
as a station for observing the transit. This station is by no means 

' This will clearly be seen by marking in a point 42' south of Nertchinsk 
in Plates XV. and XVI. (which illustrated my paper in the May number of the 
' Monthly Notices* for 1869). 
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good for applying Delisle's method ; it is inferior to many Russian 
stations as respects the accelerated ingress, and to Orsk, Omsk, 
Tobolsk, Perm, Astrakhan, Odessa, and many other stations, as 
respects the retarded egress. It is, moreover, a situation which 
nothing but an amazing zeal in the cause of science could induce 
any astronomer to select as an observing station in December — 
since it lies close to the Northern pole of winter cold (it lies, in 
fact, on the isocheimenal of 13° F. below zero). But because it is 
the very best Northern station for applying Halley's method, Russia 
has nobly undertaken to occupy it.^ This circumstance, apart from 
the confirmation it affords to the statements which I published four 
years ago, is one which ought to influence this coimtry strongly, 
if it should be demonstrated (as I hope to demonstrate a page or 
two further on), that there are corresponding Southern stations, 
which this country could occupy, if not less zealous than Russia in 
the cause of science. 

But doubts may still remain whether in stating that ' the ob- 
servable difference in 1874 will probably not be half of that in 
1882,* the Astronomer Royal had the difficulty of finding a Northern 
station alone in view. Let us, therefore, inquire what is the ob- 
servable difference, not as between the best Northern station and 
the mean duration, but as between the best Northern station and 
some accessible Southern station. 

Here, adopting the opinion strongly expressed by the Astronomer 
Royal (as I shall presently show), that an Antarctic station ought to 
be occupied if suitable time-differences can thus be secured, we 
have a very wide choice of places suitable for reconnaissance. But 
selecting only a station which is known to be accessible, and has 
been advocated by eminent naval men and geographers (see the 
* Monthly Notices ' for December 1868, and compare the opinions 
of Captain Richards, Admiral Ommanney, and Commander Davis), 
namely. Possession Island, near Soutii Victoria Land, let us compare 
the difference between the durations at this station and Nertchinsk 
with the maximum observable difference to be obtained in 1882. 
Still ftirther to favour the transit of 1882, let us in its case take as 
the Antarctic station Sabrina Land, though the naval authorities 
above referred to could find nothing to say in its fevour. At this 
latter station, as compared with the best Northern stations in North 

* It was soon after known that Russia will occupy eleven stations for ap- 
plying Halley's method. 
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America, there is, according to the Astronomer Royars correct 
estimate, a difference of 28" very nearly. Now, at Possession 
Island the transit of 1874 will be shortened 6™ at the beginning, 
and 11™"4 at the end, or 17™-4 in all. Adding this interval to the 
lengthening by 15"**1 at Nertchinsk Mines, we obtain a difference 
of 32™-5, that is, a greater observable difference than in 1882 in the 
proportion of more than 7 to 6. 

But this is far from being all. As a matter of fact, not only 
is Sabrina Land useless in 1882, because the Sun's elevation at 
ingress will be only about 4°, but Possession Island (where the 
difference of duration will be reduced to 24°*) is also useless, 
because the Sun's elevation will be only 5° at ingress ; and there 
is no other station where HaUey's method can be applied at all 
advantageously in 1882. 

Now, in 1874 none of these difficulties present themselves. At 
Possession Island, which would render available the excellent time- 
difference of 32^ minutes, the Sun will be 38^ high at ingress and 
2(f high at egress. At Sabrina Land, if this station could be made 
available, there will be the same time-difference, and solar eleva- 
tions of 45° and 43° at ingress and egress respectively. At Ad^Ue 
Land the same time- difference, and the respective solar elevations 
of 45° and 34°. And lastly, as respects Antarctic stations, at 
Enderby Land there will be the yet greater time-difference 35J 
minutes, and solar elevations 20° and 39° respectively at ingress and 
egress. 

And next, I would invite special attention to the distinct, I 
may even say the emphatic manner, in which the Astronomer 
Royal, speaking as the representative of British astronomy, has 
marked his sense of the duty of this country in the matter of the 
coming transits. In what I am about to quote he is speaking 
throughout of the transit of 1882, but the application of his remarks* 
to the earlier transit (qow that the superior advantages of Antarctic 
stations in 1874 has been demonstrated) cannot fail to be generally 
recognised. 

In 1857 the Astronomer Royal's remarks were thus reported 
(* Monthly Notices ' for May 1857, p. 216) : * The southern tract 
is a part of the Antarctic land discovered by Lieut. Wilkes, of 
the United States Navy,^ included between Sabrina Land and 

1 This Antarctic ' land' had, however, been saUed over by Boss in 1846-7 ; 
and in the later discussion of the subject Sabrina Land was substituted for 
Wilkes's supposed oontinent I 
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event of such an expedition being undertaken, the precise deter- 
minations which I have indicated as bearing on the astronomical 
question must (irom the nature of the case) take precedence of all 
others. But there would be no difficulty in combining with them 
any other inquiries, of geography, geology, hydrography, magnetism, 
meteorology, natural history, or any other subject for which the 
localities are suitable. 

' And I have now to request that you will have the kindness to 
communicate these remarks to the Royal Geographical (Society, and 
to take the sense of the Society on the question, whether it is not 
desirable, if other scientific bodies should co-operate, that a repre- 
sentation be made by the Royal Geographical Society to Her 
Majesty^s Government on the advantage of making such a recon- 
naissance of the Southern Continent as I have proposed ; primarily 
in the interest of astronomy (referring to my official responsibility 
for the importance of the examination at this special time) ; but 
conjointly with that, in the interests, perhaps ultimately more, 
important, of geography and other sciences usually promoted by the 
Royal Geographical Society.' 

I need scarcely remind my readers of the paper read before the 
Society by the Astronomer Royal in December 1868. Nevertheless, 
it is necessary, first, to point out that at that late epoch the error 
respecting the transit of 1874 still remained uncorrected, and that 
the Astronomer Royal then (see p. 33 of the ^ Monthly Notices ' for 
December 1868) repeated that ' the method by observation of the 
interval in time between ingress and egress at each of the stations 
at least, on nearly opposite parts of the Earth, fails totally for the 
transit of 1874.' At that time also, notwithstanding the relatively 
un&vourable circumstances for applying this method (HaUey's) to 
the transit of 1882, and the very &vourable conditions imder which 
Delisle's method can be applied in 1882, he urged that only three 
stations should be occupied for Delisle's method in that year, the 
instruments of the five 1874 expeditions, ' thus set free from two 
stations,' being required at an observing station on the Southern 
continent He had now so far changed his mind as to the method 
of dealing with Antarctic difficulties, as to speak in the following 
terms : — * The choice of station being made,' he said, * I would not 
recommend any reconnaissance, but I would propose that an expedi- 
tion should go direct to the selected point in good time for the 
observation of the phenomenon. The season is early for South 
Polar expeditions, and any difficulties produced by ice would 
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probably diminish every day. A station being gained, all that is 
necessary in the way of subsidiary observation is, a few days* obser- 
vation to give clock-rate ; then the clock times of the two phenomena 
will furnish all that is required. The first action to be under- 
taken by tlie Government,' he proceeds (and I invite special 
attention to the point), ^ is to procure the stock of instruments, and 
this ought to be done without delay. An observing plant like that' 
(described in the earlier part of the same paper) * is not to be 
obtained in haste, and the proposed expedition might be entirely 
crippled by a small negligence on this point. The equipment of 
ships and the selection of officers would probably require much less 
time.' 

It will be noticed that if such a plan as this could be followed 
out in 1874, the necessity of wintering in Possession Island would 
be avoided. However, it appeared to the naval authorities who 
followed the Astronomer Royal in addressing the meeting, that the 
more certain course for achieving the desired result would consist in 
the preparation of an expedition to winter in Possession Island. I 
quote the following passages as beaidng specially on the feasibility 
of such an expedition : — 

Admiral (then Captain) Richards, Hydrographer to the Admiralty, 
said : * My own opinion, looking to the uncertainty of finding a 
wintering station for a ship, is that landing a party on Possession 
Island,' or one of the islands farther south, ^ would be the most 
feasible course, and there would be little doubt of the fiidlity of 
reaching one or other of these islands with a suitable steam-vessel, 
making Tasmania or New Zealand the base of operations. Doubt- 
less a year passed in this region would be most profitably employed 
in adding to our knowledge of magnetism, and various other 
branches of physical science.' 

Admiral Ommanney said, mter alia : * I iully concur in all that 
has fallen firom the Hydrographer to the Navy, and hope ere long to 
hear that operations are making for sending out to explore the 
Antarctic Seas.' 

Commander J. A. Davis, who had accompanied Sir James Ross 
in that most gallant .expedition during which Victoria Land was 
discovered, and who had himself landed at Possession Island, said 
that * he believed there would be no difliculty whatever in again 
effecting a landing in the same place.' ^ With regard to the period 
of the season at which the transit took place, it was to be 
remembered that the 6th of December was so early that no ships 



286 THE COMING TRANSITS. 

had ever reached the Antarctic Circle by that date; and as it would 
be necessary to arrange the instruments, &c. preparatory to the 
observation, he might say that the ships ought to be on the spot 
at least a month before. This would be the 6th of November, a 
date altogether out of the question ; and as the ships could not 
winter in the South, the party would necessarily have to land 
the year before ; but with good tents he had no doubt they could 
pass the winter very comfortably* (this, of course, and what 
follows, will not be taken strictly au pied de la lettre) :' ' they 
would have a pleasant prospect before them, and plenty of penguins 
to live on. In comparison with Kerguelen - Island and the 
Crozets,' he proceeded, 'the chances of observing the transit — 
meteorologically speaking — ^would be greatly in fevour of South 
Victoria.* 

Captain Toynbee also expressed an opinion strongly adverse 
to the meteorological chances at Prince Edward's Islands, the 
Crozets, and Kerguelen Land, since their neighbourhood is, he said, 
' so far as my experience goes, subject to a great deal of thick 
weather.* 

It remains only to mention that Plate XVIII. which illustrates 
this paper, besides being useful in showing the path of Venus's centre 
across the Sun*s disk, as seen irom the stations named, and indi- 
cating the corresponding path for any station whatever; affords an 
independent proof of that which, however, has already been abun- 
dantly demonstrated — ^the &ct, namely, that Halley's method is most 
advantageously applicable in 1874. The chart requires little 
explanation. The simplest geometrical considerations will show 
that, imagining a long line to extend through Yenus's centre at any 
moment during transit to the Earth on one side, and the Sun on the 
other; then if the end towards the Earth be supposed to be carried 
swiftly along the outlines of the terrestrial continents, and over the 
meridians and parallels, the end towards the Sun would trace out 
such projections as are shown in the chart. Moreover, it is manifest 
that irom whatever point on the Earth such a line extends, the 
point in which the line meets the Sun is that on which Venus's centre 
is at the instant projected. Accordingly, we have only to determine 
the aspect of the Earth's disk as seen from the Sun at any instant, 
and the position of Yenus's centre, on the Sun's disk, as seen from 
the Earth's centre at that instant, to have at once the means, by 
constructing such an inverted projection as is seen in the successive 
pictures of the chart, of determining the apparent position of Yenus's 
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centre as seen at that instant from any point of the Earth's sunlit 
hemisphere. 

The chart itself shows clearly the relation between the strip of 
the Sun's disk (divided into three portions in the chart) and the 
outline of that disk. Moreover, the circles marked i© +-]^ ? , and 
^0 — ^9 indicate by their intersection with the various transit 
chords, where external contact and internal contact respectively take 
place; for, manifestly, when Venus's centre, as seen from any 
station, is on the circle marked -]^0rh^ ? (that is, is at a distance 
from the Sun's centre equal to the sum of his radius and Venus's) 
Venus must be at the moment, and as seen from that station, in 
external contact ; and similarly she must be in internal contact 
when her centre, as seen from any station, is on the circle marked 

4©-i9. 

But Plate XIX. serves to show more clearly how the illustrative 
chart is to be interpreted. It shows the northern half of the Sun's 
disk, and indicates the relative dimensions of the disk of Venus and 
the Sun, as well as the maximum parallactic displacement of Venus. 

I apprehend that it has been demonstrated that (i.) the Astro- 
nomer Royal's first and only discussion of the suitability of Halley's 
method in 1874 was based on insufficient evidence, was in itself 
incomplete, and led him to an erroneous opinion ; (ii) that not only 
is the method more advantageously applicable in 1874 than in 1882, 
as regards time-difference, but that the objection of low solar 
altitude at a critical phase in 1882 has no existence in 1874 ; (iii) 
that the Astronomer Koyal himself warmly advocated the equipment 
of Antarctic expeditions for viewing the transit of 1882 by HaUey's 
method, notwithstanding the known difficulties ; and (iv) that the 
best naval authorities on this special subject concur in regarding 
Antarctic expeditions for viewing a transit early in December as 
altogether practicable. 

The conclusion directly deducible from these results cannot be 
mistaken. England's duty is more than manifest; it has been to 
all intents and purposes admitted by her astronomical and nautical 
official representatives. And I cannot but express my conviction 
that it will be little less than a national calamity, as assiXredly it 
will be scientifically most regrettable if any considerations, ei^er 
of convenience or of personal dignity on the one hand, or of false 
courtesy on the other, should lead to the loss of opportunities 
which will not be again available for many years to come. 

From the Monthly NoHceaofthe Jstronomieal Society for March 1873. 
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THE DIRECT METHOD OF OBSERVING 

TRANSITS. 

Vert early during my examination of the subject of the approaching 
trauBits, I was led to adopt and state the opinion that the parallactic 
displacement of Venus and thence the Sun's parallax, might, in the 
present state of instrumental astronomy, be determined at least as 
accurately by direct measurement of Venus's position at successive 
epochs of her transit as by either Delisle*s or Halley's method. It 
appears impossible to eliminate the error resulting from the clinging 
of Venus to the Sun's limb, after ingress and before egress ; and 
although several contrivances have been suggested for reducing this 
error, it is doubtful whether any of them will prove successful. It 
remains to be shown, moreover, whether photography can be suc- 
cessfully applied to determine the parallactic displacement of Venus. 

I find that the German astronomers have for some time recog- 
nised the advantages which would probably result from such pro- 
cesses of measurement as I have mentioned ; and their selection of 
Tchefoo, where the whole transit will be observable, indicates in a 
marked manner their preference for the direct method, since Tchefoo 
is not an exceptionally advantageous station for observing the 
accelerated ingress, and still less for observing the retarded egress. 
It is also inferior to other Northern stations for applying Halley's 
method ; and indeed German astronomers have definitely indicated 
their preference for the direct method. 

The American astronomers have also adopted a &,vourable opinion 
as to the direct method. 

It appears to me that if English astronomers are to base their 
methods of procedure on foreign opinions (a growing foshion which 
I myself am &r from urging • as desirable), attention might not 
disadvantageously be directed to the considerations resulting from 
the above-mentioned opinions of German and American astronomers. 
It is easy to perceive what these considerations are. 

In ih» first place, it is manifest that, cceUris parihua, those 
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BtationB will be moBt advantageoiiB which show the whole tranBit 
under the most &yourable conditions; and in comparing these 
stations, we should regard that station as the better which shows the 
greater proportion of the transit ^vourablj. So that, so &r as this 
method of observation is concerned, our selected stations at Woahoo 
and Alexandria would be altogether inferior to such a station as 
Tchefoo, since at Woahoo the Sun sets before half the transit has 
taken place, and at Alexandria more than half the transit is already- 
over when the Sun rises. 

It is probable, however, that few would be disposed to sacrifice 
such a station as Woahoo, where Delisle^s method is applicable 
imder conditions exceptionally advantageous. But it may be worth 
while to inquire whether so much can be said in &vour of Alex- 
andria : in fact, it appears to me that but one answer can be made 
to this question, so &r as it relates to the action called for on 
England^s part. 

To begin with, it seems not wholly unreasonable to expect that 
either Italy or Greece should occupy the only really advantageous 
Mediterranean station. Moreover, France is to occupy Suez, and 
the circumstances of the transit at Suez and Alexandria will be 
very nearly identical, as can be seen at once from Plate XVIII. 
which illustrates the present essay. 

But it is when we compare the circumstances of the transit at 
Alexandria with those which will be presented at North Indian 
stations, such as Peshawur, Delhi, and so on, that we find most 
occasion to regret the unfortunate accident by which these North 
Indian stations came to be so long and so completely overlooked. 

As respects the application of Delisle's method, the advantage of 
Peshawur is sufficiently marked. The retardation is indeed but a 
third of a minute greater at Peshawur than at Alexandria. But the 
Sun is unfortimately very low at Alexandria— only 14° above the 
horizon — when egress occurs, whereas at Peshawur the Sun will be 
more than SV above the horizon. 

The main point, however, — and I conceive it to be an extremely 
important point — is that at Peshawur, at Delhi, and at many stations 
over the region between these places, the whole transit will be 
visible, and therefore processes of direct measurement can be most 
effectively applied. When we add to these considerations the cir- 
cumstance that it is much more manifestly the duty of Great Britain 
to occupy this advantageous region in hsr own territory than to 
occupy Alexandria, but one opinion can be formed. 

17 
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I dwelt on these considerations, some nine months since, in 
a letter addressed to the Astronomer RoyaL He pointed out that 
it was easier (and more advantageous to geography) to determine 
the latitude of Alexandria than that of Peshawar, and moreover that 
the position of Peshawur, near the Khjber Pasa, was altogether 
unfavourable. Knowing something, hoi^ever, of the zeal with which 
the survey of India is being prosecuted, and of the importance of 
several exact determinations of the longitudes of Indian stations, I am 
not altogether convinced that the determination of the longitude of 
Peshawur would present insurmountable difficulties or be utterly 
useless in a geographical sense. I observe also that the Indian 
railway system is to be extended to Peshawur, and therefore I 
venture to surmise that the place is not altogether inaccessible. 

I note, in conclusion, that stations useful for Halley's method are 
(in the present instance) always useful, and sometimes among the 
very best stations for Delisle*s method, while they are manifestly 
the most advantageous stations for the direct method. The inference 
is too obvious to need enforcing. 

From the Monthly Notices of the Astronomical Society for March 1873. 
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RISK OF ABSOLUTE FAILURE. 

I OBSERVE that, in Mr. Penrose's valuable contribution to the dis- 
cussion of this subject, he overlooks certain considerations relative 
to Southern stations, which are I think extremely important. In 
fact, none of the papers on the transit which I have hitherto seen 
dwell with adequate force on the circumstance to which I am about 
to invite attention. 

It does not seem to be noticed that there is great risk of the whole 
series of observations of the transit being rendered useless for want 
of an adequate number of Southern stations. 

At Kerguelen's Island bad weather is more than likely ; it is all 
but certain, as any one can ascertain by studying Sir J. C. Bosses 
narrative of his Southern voyages. The same remark applies to 
Crozet Island, which, however, has not as yet been selected by any 
country. Observations in Tasmania and South Australia will not 
be of great value. There remain then only Rodriguez, Mauritius, 
and Bourbon, for retarded ingress, and the New Zealand stations for 
accelerated egress. If bad weather prevails over the group of islands 
first named, and also in New Zealand, it is all but certain that the 
whole affair will end in complete &ilure. Be it noticed also, that good 
weather in either region would only avail for Delisle's method, and 
would be insufficient if bad weather prevailed at but one region of 
Northern stations 

Let the chances, as matters are* at present arranged, be but 
carefully weighed, and I feel assured it will be recognised that 
there is very great occasion for anxiety as to the result. Northern 
chances outweigh Southern chances ten to one, but the balance 
counts for nothing. Success depends altogether on observations 
being made in both hemispheres. 

If, however, we consider only the chances relating to three out 
of the four methods on which astronomers as a body place reliance, 

the matter assumes a muc)i more serious aspect. The four methods 

u a 
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are Delisle's, Halley's, the photographic method, and the direct 
method. Take now the last three. For the application of these 
methods the Russians have made ample provision, so have the 
American astronomers, and the Germans will occnpj at least one 
station, Tchefoo, specially for these methods. Every preparation 
is being made, in fiict, for Northern work (except only that our 
North Indian region, available for these methods as well as Delisle's, 
is not sufficiently provided for). But now what is there to balance 
all this, in the Southern hemisphere? Of really first-clasa stations 
there are hut three which have even been mentioned — viz., Crozet 
Jslandy Maedonald hlandj and Kerguelen Island, Of these ordy 
Kerguelen Island has been actually selected ; and here bad weather 
is almost a certainty. Of the other stations, — Canterbury {N.Z.\ 
Chatham Island, Bourbon, Mauritius, and Rodriguez, — it is only 
necessary to remark that they are very inferior for these three im" 
po7*tant methods. 

It is on this account chiefly that I have been earnest in my 
appeal for the occupation of Antarctic and sub- Antarctic stations. 
If anything were required to add to my anxiety on this subject, it 
would be found in the manifest reliance placed by Russia, America, 
and Germany on the methods in question. 

I am concerned to think that reconnaissances over the regions 
between Kerguelen Island, Enderby Land, Possession Island, and 
Auckland Island, may be absolutely necessary for a proper choice 
of stations ; that such reconnaissanees might have been made since 
I first dwelt on these matters four years ago ; and Ihat possibly had 
I been earnest in advocating these considerations during the last 
four years, either Great Britain or America might before this hare 
found suitable observing stations in the above-named region. I 
judged it best simply to indicate the state of the case and wait. I 
fear I may have been mistaken, though it is difficult to see what 
could have been done until the approach of the event itself and the 
declared intentions of other countries enforced attention to the cir- 
cumstances I have touched upon. I trust it may still not be too 
late to provid§ for an adequate number of Southern stations suf- 
ficiently far apart to give proper chances of success. I do not hesitate 
to say that in my opinion the provision hitherto made is altogether 
inadequate, so far as Southern stations are concerned. 

From the Monthly Notices of the Astronomical Society for April 1873. 
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APPEAL TO AMERICA. 

\A note ctddressed to the Astronomers of the United States^ on the 
subject of the approaching Transit of Venus^ at the suggestion of 
a distinguished European Astronomer,"] 

DuRii^G the course of correspondence whicli I have had on the 
subject of the approaching transit of Venus with one of the most 
eminent astronomers of this or any country, the idea has been sug- 
gested to me by him that advantage would result to science if an 
appeal were made to America to famish forth expeditions to the 
Antarctic and sub^ Antarctic regions for the purpose of making 
those southern observations without whidi the northern observations 
at Halleyan stations will be altogether useless. * America has 
frequently shown great interest,* he remarks, ' in Southern exploia- 
tion, while she also possesses good telescopes and competent observers 
to use them. Let both countries do their best, and science, which 
is of no country, will benefit all the more.' 

I gladly act upon this suggestion, remarking only that while I 
recognise the abstract justice of the proposition that science is of no 
country, I cannot altogether free myself from the hope which I 
have long entertained and expressed, that in the struggle to advance 
scientific knowledge this country may worthily maintain her 
position. 

My appeal to America is based on considerations which I 
haVe already lU'ged elsewhere. If the great problem for which 
the coming transits are to be observed is really important to 
science (on which point no one, I suppose, can entertain any 
question), then the circumstances to which I advert are of no light 
significance. 

We need not closely inquire whether one interpretation or 
another of the peculiarities of internal contact be correct. It is not 
a question whether one or another method have some slight o* 
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even coiisiderable advantage. Nor again is it a question whether 
this or that Antarctic or sub- Antarctic station can be occupied 
or not. 

What I urge on our American fellow-students of astronomy, 
as I have urged and still urge at home, is the adoption of arrange- 
ments for occttpying many stations in the Southern hemisphere, 
lest the whole matter end in failure, or in a success so partial as 
to cumpare very unfavourably with what was accomplished in 
1769. I mention as tt mere detail, that the distinguished astronomer 
whose advice I am following, altogether concurs in my opinion that 
the duration of the transit should be observed at as nuiny &vourably 
situated Southern stations as possible. And every one who consi- 
ders what Eussia, America, and Germany are preparing to do at 
northern stations, — no less than sixteen of which are to be occupied 
where durations can be favourably observed, — ^must feel how 
necessary it is to call attention to the fact that at present there are 
but four or five third-class Southern stations for observing durations, 
and only -one first-class station. But though I cannot but dwell on 
this fact, Citified as it is by the circumstance that the photographic 
and direct methods are equally ill provided for, I do not rest my 
appeal on details of the sort. It is the risk of absolute failure, and 
the certainty that the Southern stations hitherto provided for are 
insufficient in number, to which I earnestly invite the attention of 
American astronomers.^ 

The region to be occupied is indicated in the chart which,'' 
appears in the present monthly number. Of Antarctic stations th^a 
are Enderby Land, Sabrina Land, Ad^lie Land, and Possession 
Island, as well as the whole region (including these places) surveyed 
by Wilkes, Ross, D'Urville, Billingshausen, and others. Of sub- 
Antarctic stations there are Kemp Island, Macdonald Island, 
Emerald Island, the Crozets, Royal Co. Island, and others, very 
uninviting beyond all question, but doubtless including several 
•accessible stations. CJnfortunately there is now little time for preli- 
minary survey during the Antarctic summer of 1873-74 ; but if 
such survey cannot be undertaken, then in the autumn (or Ant- 
arctic spring) of 1874, two or three ships (preferably steam ships) 



' Granting even that fine weather prevailed at each of the few Southern 
stations, the probable error of the resulting determination of the solar p'arallaz 
must necessarily be enhanced when the Southern stations are so few compared 
with the Northern. * 
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might proceed direct to the region indicated, each conveying two 
or three well-provided observing-partie8, and combining reconnais- 
sance with the occupation of stations as they were successively 
selected. 

That it is perfectly in the power of this country and America 
to ensure the requisite number of Southern observations of the 
coming transit, I am satisfied. There is, it is true, no time for 
delay. Energy and skill will be wanted; but they have never been 
looked for in vain in such circumstances. The expeditions which 
would have to be made would be no pleasure-parties, nor would 
they be free from difficulties and dangers sufficient to tax the 
courage even of British and American seamen. But these very 
considerations encourage the students of science in both countries 
to believe that the required effort will be made. That it should be 
made, if failure is to be averted, does not seem to me to be open to 
the slightest question. 

Fro^ the Monthly Notices of the Astronomical J^ociety fo^ Ma^ 1873. 
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even copsiderable advantage. Nor again is it a question whether 
this or that Antarctic or sub- Antarctic station can be occupied 
or not. 

What I urge on our Ankeriean fellow-students of astronomy, 
as I have urged and still urge at home, is the adoption of arrange- 
ments for occupying many stations in the Southern hemisphere, 
lest the whole matter end in failure, or in a success so partial as 
to Compare very unfavourably with what was accomplished in 
1769. I mention as ti mere detail, that the distinguished astronomer 
whose advice I am following, altogether concurs in my opinion that 
the duration of the transit should be observed at as many favourably 
situated Southern stations as possible. And every one who consi- 
ders what Kussia, America, and Germany are preparing to do at 
northern stations, — no less than sixteen of which are to be occupied 
where durations can be favourably observed, — ^must feel how 
necessary it is to call attention to the fact that at present there are 
but four or five third-class Southern stations for observing durations, 
and only -one first-class station. But though I cannot but dwell on 
this fact, fortified as it is by the circumstance that the photographic 
and direct methods are equally ill provided for, I do not rest my 
appeal on details of the sort. It is the risk of absolute failure, and 
the certainty that the Southern stations hitherto provided for are 
insufficient in number, to which I earnestly invite the attention of 
American astronomers.^ 

The region to be occupied is indicated in the chart whicV 
appears in the present monthly number. Of Antarctic stations there 
are Enderby Land, Sabrina Land, Ad^lie Land, and Possession 
Island, as well as the whole region (including these places) surveyed 
by Wilkes, Ross, D'Urville, Billingshausen, and others. Of sub- 
Antarctic stations there are Kemp Island, Macdonald Island, 
Emerald Island, the Crozets, Royal Co. Island, and others, very 
uninviting beyond all question, but doubtless including several 
-accessible stations. Unfortunately there is now little time for preli- 
minary survey during the Antarctic summer of 1878-74 ; but if 
such survey cannot be undertaken, then in the autumn (or Ant- 
arctic spring) of 1874, two or three ships (preferably steam ships) 



* Granting even that fine weather prevailed at each of the few Southern 
stations, the probable error of the resulting determination of the solar parallax 
must necessarily be enhanced when the Southern stations are so few compared 
with the Northern. * 
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ON A STEREOGRAPHIC CHART OF THE TRANSIT 

OF 1874. 

ACTION OF THE OBEENWICH BOABD OF YISITOBS. 

At the Visitation of the Chreenwich Observatory on June 7, 1873, it 
was proposed by Professor Adams, and carried unanimously, thai 
Government should be applied to for the means of organising 
parties of observers in the Southern Ocean, with the view of 
finding additional localities in the sub-Antarctic regions for 
applying Halley*s method to the observation of the transit of 1874. 

Plate XX. is intended to illustrate a relation to wbich Professor 
Adams called attention at the last meeting of this Society. If we 
disregard the rotation of the Earth during ingress or egress, and 
also neglect the curvature of Yenus's shadow-oone where it crosses 
the Earth, it is manifest that the points where the shadow touches 
the Earth first and last, at ingress or at egress, are respectiyelj 
antipodal, and may be regarded as the poles of a series of circles of 
equal acceleration and retardation, of eqiial yalue therefore for 
applying Delisle's method. Moreover, these circles manifestly 
indicate a value proportional directly to their distance firom the 
plane of the great circle having the before-mentioned points as poles. 
The intersections of these circles indicate points of a particular 
value for Halley's method, the excess or defect of duration being 
(i) the sum of the corresponding accelerations or retardations where 
each of two intersecting circles indicates a time-difference of the 
same kind, or (ii) the excess of acceleration over retardation, or of 
retardation over acceleration where the time-differences are of 
different kinds. It is readily seen that if points of equal value for 
Halley's method are connected, the connecting curves are a series of 
circles, having as poles the points midway between the poles of 
maximum retardation and those of maximum acceleration. More- 
over, these circles, like . those of equal value for Delisle's method, 
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indicate values directly proportional to their distance from the plane 
of the great circle having these mid-points as poles. 

In my chart the several curves corresponding to these circles have 
been drawn ; but all the corrections depending on the Earth's rota- 
tion during ingress and egress^ and on the curvature of the shadow- 
conSj have been carefully taken into account. 

The dotted red^ curves are those indicating the loci of points of 
equal value for Delisle^s method, and the red curves indicate the 
loci of points of equal value for Halley's method. The actual 
accelerations or retardations in minutes, and the differences of 
duration, have been indicated in red letters. 

The interpretation of the chart, and the regions indicated as 
suitable for the various methods proposed to be employed, will be 
manifest even on a very slight inspection of the chart. 

1 As a rale, I prefer to have only one printing in a chart of this sort, where 
every line has been laid down with scrupulous accuracy, because the coloured 
lines may not be printed quite correctly. But in the present case, the map 
would have been overcrowded by black lines, unless red had been used. To 
learn the amount of error in * registering,' it is only necessary to compare the 
red and black impressions of the small cross lines indicating the points of 
maidmum acceleration and retardation. 

From the Monthly Notices of the Astronomical Society for May 1873. 
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de la parallaxe solaire, par les observations de contact, c*est-&-dire . 
par la m^thode qui, apres tout, donnera probablement les meilleures 
resultats. 11 est done k d^sirer que rien ne soit n^glig^ pour 
assurer dans les meilleures conditions Tobservation du procbain 
passage. ... On pourra, en effet, sans sortir des regions facilement 
accessibles^ obtenir eu 1874 des differences de dur^e de passage 
s'^l^vant a 26 minutes, des differences d'beures d^entr^e de 21 
minutes, et des differences d*heures de sortir de 18 minutes, tandis 
qu'en 1882 ces differences se r^duiront la premiere k 16 minutes, 
et les deux autres k 15 minutes.' 

A brief study of Plate XXI., and a comparison between this 
plate and Plate XX. illustrating the transit of 1874, will suffice not 
only to confirm these statements (and my own statements to the 
same effect in 1871), but to show on what circumstances the 
superiority of 1874 over 1882 for Halley*s method depends. I 
may remark, indeed, that the superiority of 1874 for Delislc's 
method is more apparent than real, being to a great extent (Mr. 
Stone thinks wholly) counterbalanced by the slowness with which 
Venus crosses the Sun's limb in 1 874. 

I would invite special attention to the position of the Halleyan 
curve marked o in the two maps, which curve may be called the 
Halleyan equator, since it marks the curve on the Earth where the 
duration has its mean value. It will be seen that this curve lies 
much farther south for 1882 than for 1874. ' It leaves a very 
limited region outside the Antarctic circle, and if we take lines 10^ 
firom the curves marking where transit begins and ends at sunrise 
and sunset, these lines being taken within the region where the 
whole transit is seen, it is found that the region of the Earth where 
the duration will be less than the mean, with a Sun not less than 
10° above the horizon both at ingress and egress, is very limited 
indeed. But in 1874, on the unfavourable or northern side of the 
Halleyan equator, we can find places where an excess of duration of 
more than 15 minutes, with the required conditions as to altitude, 
can be obtained. 

If we assume, in fact (which I think will be generally admitted), 
that no station can be regarded as suitable for Halley's method 
where the difference between the actual duration and the mean 
duration is less than half the maximum acceleration or retardation, 
•or where the Sun is less than 10 degrees high at ingress or egress, 
then absolutely no station whatever is available in 1882, unless the 
South pole can be approached much nearer even than it was 
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mXZT^l "'"'"• r ^" observations de contact, c'est-i-dire 
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curJ/^'^t^^'*^-'^'*^ *"""*'°" *** *« P''«»'°'» of *e Hallevan 
^rve marked o m the two maps, which curve may be called the 

?^i r^T'T''' "'" ? '""''^^ ^'•^ *"-« - *« ^^h where the 
d,mt,on has Its mean value. It will be seen that this curve lies 

much farther south for 1882 than for 1874. It leaves a vei^ 

limited region outside the Antarctic circle, and if we take lines 10^ 

from the curves marking where transit begins and ends at smirise 

and sunset, these lines being taken within the region whrZ 

whole transit is seen, it is found that the region of the Earth where 

the duration will be less than the mean, with a Sun not less tb^ 

• "i ^f"'®^*^ ^0*^0" both at ingress and egress, is very limited 

mdeed. But m 1874, on the unfavourable or northern side of the 

Walleyan equator, we can find places where an excess of duration of 

more than 15 minutes, with the required conditions as to alt5H,-i J 

can be obtained. altitude, 



If* we assume, in fact (which I think will be generally admitted^ 
that no station can be regarded as suitable for Halley's meth A 
where the difference between the actual duration and the m 
duration is less than half the maximum acceleration or retardaf^^^ 
•or where the Sun is less than 10 degrees high at ingress or ecr ' 
then absolutely no station whatever is available in 1882, unle ^^**» 
South pole can be approached much nearer even than *♦* ^^^ 
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approached by Sir Jas. G. Ross in the famous expedition wlien 
Possession Island was discovered. 

I confess that the prospect of successful observation at Pos- 
session Island, with a Bun only 5^ high at ingress, seems to me so 
slight that I should hear with regret of any attempt to carry 
out the suggested scheme for wintering at Possession Island 
in 1882. 

From th« Monthly Notices of the Astronomical Society for June 1873. 
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A NEW METHOD OF OBSERVING THE TRANSITS 

OF VENUS. 

Mr. E. L. Garbett has communicated to me his riews respecting a 
method of observing the approaching transits of Venus, vrhich 
appears to offer considerable advantages. He suggests the applica- 
tion of photography with special reference to the middle of the 
transit — that is, that stations should be selected where at the middle 
of the transit Venus will be most displaced hj parallax irom and 
towards the Sun's centre. This differs from Dr. De la Bue's 
original proposition, in which stress was laid, if I remember rightly, 
on the determination of the distance of Venus at mid-transit from 
the Sun's centre by the comparison of photographs taken during 
the whole progress of the transit. What Mr. Garbett proposes is 
that attention should be directed solely to the determination of the 
distance of Venus from the Sun's centre at the time of mid-transit 
by several photographs taken during a brief interval including that 
epoch. 

The best available station for the purpose, in a geometrical 
sense, would be Bouvet Isle, south and somewhat west of Cape 
Town. But Cape Town would be an excellent station ; and I cannot 
but express a hope that the necessary photographic appliances for 
this method will be provided there, in addition to those which can 
be favourably applied at that station for indicating the whole pro- 
gress of the latter half of the transit. As our excellent late Secretary, 
Mr. Stone, is in command there, we may be sure that the fullest 
and most satisfactory use would be made of any appliances so pro- 
vided. 

SVom the Monthly Notices of the Astronomical Society for June 1873. 
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ON THE SOUTHERN REGION IN WHICH RECON- 
NAISSANCE SHOULD HAVE BF.EN MADE 
BETWEEN 1869 AND 1874, TO FIND WHAT 
STATIONS, IF ANY, ARE CONVENIENT AND 
SUITABLE FOR OBSERVING THE TRANSIT OF 
VENUS IN 1874. 

To complete the ptocesses of charting which I have thought it 
dedrable and necessarj to undertake in connexion with the transit 
of 1874, 1 now present in Plate XXIL a chart of the regions where 
the duration of the transit will be considerably shortened. It will 
be observed that the map includes everj point on the Earth's sur&ce 
where the duration of the transit will be less than the mean duration 
by eight minutes, the Sun not being less than ten degrees high 
both at ingress and egress (internal contacts). 

It will be perceived from the chart that Macdonald, or Heard 
Island (the only new observing station suggested in response to the 
advice of the Greenwich Board of Visitation), although well placed, 
is somewhat too near to Kerguelen Island to have favourable inde- 
pendent prospects of good weather. In other words,' the occupation 
of this island will be useful, as increasing the number of Southern 
Halleyan stations and the value of the Southern observations as a 
whole, supposing weather to be &vourable ; but it is not a station 
which adds greatly to the probability of success, so &r as success 
depends on conditions of weather. 

I cannot conclude the statement of my views respecting the 
approaching transit without renewing my expression of regret that 
the transit of 1874 should not have been correctly viewed from the 
beginning by the persons responsible for England's action in astro- 
nomical matters. We do not know precisely what would have 
happened in that case, though we can infer from what was (mis- 
takenly) suggested as proper for the transit of 1882, that a certain 



TRANSIT OF VENUS in 1874. 

CHART OF THE ANTARCTIC AND SUBANTARCTIC REGIONS 
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course would have been pursued which could oot but have reflected 
credit on this country, both as respects scientific zeal and the spirit 
of enterprise. That an unfortunate mistake, admitted too late, 
should have led to such an anomalous state of things that British 
official astronomy, as well as British nautical authority, find it- 
necessary to make little of opportunities whose importance they 
once fiilly and publicly recognised (in a precisely corresponding 
case), is assuredly most grievously to be regretted. To the earnest 
student of science it must also be a cause of serious regret that 
such opportunities should be wasted. But while as an Englishman 
and as a student of science I must needs share in these regrets, yet 
in a personal sense I have every reason to be satisfied. Whatever 
justification my researches and appeals may have seemed to require 
has been afforded b^ the unanimous vote of the leading British 
astronomers assembled at the Greenwich Board of Visitation, Those 
astronomers, doubtless, feel, as I have long felt, that it is here- 
after, and not perhaps till many years hence, that final judgment will 
be formed on the matters which have been under discussion. 
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Lord Bacon's Works, col- 
lected & edited by R. L. Ellis, M.A. 
J. Spedding, M. a. and D. D. Heath. 
7 vols. 8vo. £1, 13J. 6^. 

Letters and Life of Fran- 
cis Bacon, including all his Occasional 
Works. Collected and edited, with a 
Commentary, by J. Spedding. 7 vols. 
8vo. £^ 4J. 

The Institutes of Jus- 
tinian; with English Introduction, 
Translation, and Notes. By T. C. 
Sandars, M.A. 8vo. i8j. 

The Nicomachean Ethics 

of Aristotle, translated into English 
by R. Williams, B.A. Crown 8vo. 
price 7j. 6^, 

Aristotle's Politics, Books 

I. III. IV. (VII.) Greek Text, with 
an English Translation by W. E. BoL- 
land, M.A. and Short Essays by A. 
Lang, M.A. Crown 8vo. 7j. ^, 

The Ethics of Aristotle; 

with Essays and Notes. By Sir A, 
Grant, Bart. LL.D. 2 vols. 8vo. 32J. 

Bacon's Essays, with An- 
notations. By R. Whately, D.D, 

8vo. iQs, 6d, 
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An Introduction to Logic. 

By William H. Stanley Monck, 
M.A. Prof, of Moral Philos. Univ. of 
Dublin. Crown 8vo. 5^. 

Picture Logic ; an Attempt 

to Popularise the Science of Reasoning. 
By A. J. Swinburne, B. A. Post 8vo. 5^. 

Elements of Logic. By 

R. Whately, D.D, 8vo, ioj. ^, 
Crown 8vo. ^r. 6</. 

Elements of Rhetoric. 

By R. Whately, D.D. 8vo, loj. td. 
Crown 8vo. 4^. td. 

The Senses and the In- 
tellect By A. Bain, LL.D. 8yo. 15^. 

On the Influence of Au- 
thority in Matters of Opinion. By 

the late Sir. G. C.Lewis, Bart. 8vo. 14X. 



The Emotions and the 

will. By A. Bain, LL.D. 8vo. 15X. 

Mental and Moral Sci- 
ence ; a Compendium of Psychology 
and Ethics. By A. Bain, LL.D. 
Crown 8vo. loj. 6^. 

An Outline of the Neces- 
sary Laws of Thought ; a Treatise 
on Pure and Applied Logic. By W. 
Thomson, D.D. Crown 8vo. fo. 

Essays in Political and 

Moral Philosophy. By T. £. Cliffb 
Leslie, Hon. LL.D. Dubl. of Lincoln's 
Inn, Barrister-at-Law. 8vb. lOf. 6^. 

H ume's Philosophical 

Works: Edited, with Notes, &c. by 
T. H. Green, M.A. and the Rev. 
T. H. Grose, M.A. 4 vols. 8vo. 56J. 
Or separately, Essays, 2 vols. 28x. 
Treatise on Human Nature, 2 vols. 28i'. 



MISCELLANEOUS & CRITICAL WORKS. 



Studies of Modern Mind 

and Character at Several European 
Epochs. By John Wilson. 8vo. i2j. 

Selected Essays, chiefly 

from Contributions to the Edinburgh 
and Quarterly Reviews. By A. Hay- 
ward, Q.C. 2 vols, crown 8vo. I2j. 

Short Studies on Great 

Subjects. By J, A. Froude, M.A, 
3 vols, crown 8vo. i&r. 

Literary Studies. By the 

late Walter Bagehot, M.A. Fellow 
of University College, London. Second 
Edition, 2 vols, 8vo. with Portrait, 28^. 

Manual of English Lite- 
rature, Historical and Critical. By 
T. Arnold, M.A, Crown 8vo. 7^. dd. 

Poetry and Prose ; Illus- 
trative Passages from English Authors 
from the Anglo-Saxon Period to the 
Present Time : a Companion- Volume 
to the above. Edited by T. Arnold, 
M.A, Crown 8vo. 6j.. 



The Wit and Wisdom of 

Benjamin Disraeli, Earl of Bea- 
consfield, collected from his Writings 
and Speeches. Crown 8vo. dr. 

The Wit and Wisdom of 

the Rev. Sydney Smith. Crown 
8vo. 3J. 6</. 

Lord Macaulay's Miscel- 
laneous Writings : — 

Library Edition, 2 vols. 8vo. 21J. 
People's Edition, i vol. cr. 8vo. 4f. &/. 

Lord Macaulay's Miscel- 
laneous Writings and Speeches* 

Student's Edition. Crown 8va 6j. 
Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and 
other Poems. 4 vols, post 8vo. 24J. 

Speeches of Lord 

Macaulay, corrected by Himself. 
Crown 8vo. 31. dd. 

Selections from the Wri- 
tings of Lord Macaulay. Edited, 
with Notes, by G. O. Trevelyan, 
M.P. Crown. 8vo. 6x. 
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Miscellaneous Works of 

Thomas Arnold, D.D. late Head 
Master of Rugby School. 8vo. 7x. 6^. 

German Home Life; a 

Series of Essays on the Domestic Life 
of Germany. Crown 8yo. 6s. 

Realities of Irish Life. 

By W. Steuart Trench. Crown 
Svo. 2s, 6d. boards, or 31. 6d, cloth. 

Apparitions; a Narrative 

of Facts. By the Rev. B. W. Savile, 
M.A. Second Edition. Crown Sto, 
price 5j. 

Evenings with the Skep- 
tics ; or, Free Discussion on Free 
Thinkers. By John Owen, Rector of 
East Anstey, Devon. 2 vols. 8vo. 32^. 

Selected Essays on Lan- 

gua£:e, Mythology, and Religion. 
By F. Max Muller, K,M. 2 vols. 
cro\ra 8yo. i6j. 

Lectures on the Science 

of Language. By F. Max Muller, 
K.M. 2 vols, crown 8vo. i6x. [ 



Chips from a German 

Workshop ; Essays on the Science of 
Religion, and on Mythology, Traditions 
& Customs. By F. Max Muller, 
K.M. 4 vols. 8vo. £1. i6j. 

Language & Languages. 

A Revised Edition of Chapters on Lan- 
guage and Families of Speech. By 
F, W. Farrar, D.D. F.R.S. Crown 
8vo, dr. 

The Essavs and Contri- 
butions of A. K. H. B. Uniform 

Cabinet Editions in crown 8vo. 

Autunm Holidays, 3^. 6d. 

Changed Aspects of Unchanged 
Truths, 3J. 6d. 

Commonplace Philosopher, 3r. 6d. 
Counsel and Comfort, 3^. 6d. 
Critical Essays, 3^. 6d, 
Graver Thoughts. 3 Series, 3^. 6d. each. 

Landscapes, Churches, and Moralities, 

price 3r. 6d. 

Leisure Hours in Town, 3^. 6d. 

Lessons of Middle Age, 3^. 6d, 

Our LitUe Life, 3^. ed. 

Present-Day Thoughts, 3x. 6d. 

Recreations of a Country Parson, Three 
Series, 3r. 6d, each. 

Seaside Musings, 3^. 6d. 
Sunday Afternoons, 3^. 6d. 



DICTIONARIES and OTHER BOOKS of 

REFERENCE, 



One- Volume Dictionary 

of the English Language. By R. 
G. Latham, M.A. M.D. Medium 
8vo. I4r. 

Larger Dictionary of 

the English Language. By R. G. 
Latham, M.A. M.D. Founded on 
Johnson's English Dictionary as edited 
by the Rev. H. J. Todd. 4vdls. 4to. £*!. 

English Synonymes. By 

E. J. Whately. Edited by R. 
Whately, D.D. Fcp. 8vo. 3^. 



Roget's Thesaurus of 

English Words and Phrases, classi- 
fied and arranged so as to fiicilitate the 
expression of Ideas, and assist in 
Literary Composition. Revised and 
enlarged by the Author's Son, J. L. 
Rogst. Crown 8vo. lOf. td. 

Handbook of the English 

Language. By R. O. Latham, M.A. 
M.D. Crown 8vo. 6s. 

Contanseau's Practical 

Dictionary of the French and English 
Languages^ Post 8vo. price 7^. 6d. 
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Contanseau's Pocket 

Dictionary, French and English, 
abridged from the Practical Dictionary 
by the Author. Square i8mo. 3^. 6^. 

A Practical Dictionary 

of the German and English Lan- 
guages. By Rev. W. L. Blackley, 
M.A. & Dr. C. M. Friedlander. 
Post 8vo. *js, 6d, 

A New Pocket Diction- 
ary of the German and English 
Languages. By F. W. Longman, 
BalL Coll. Oxford. Square i8mo. 5/. 

Becker's Gallus ; Roman 

Scenes of the Time of Augustus. 
Translated by the Rev. F. Metcalfe, 
M.A. Post 8yo. 7j. 6d, 

Becker's Charicles; 

Illustrations of the Private Life of 
the Ancient Greeks. Translated by 
the Rev. F. Metcalfe, M.A. Post 
8vo. ^s, 6d, 

A Dictionary of Roman 

and Greek Antiquities. With 2,000 
Woodcuts illustrative of the Arts and 
Life of the Greeks and Romans. By 
A. Rich, B.A. Crown 8vo. 7s, 6d, 

A Greek-English Lexi- 
con. By H. G. LiDDELL, D.D. Dean 
of Christchurch, and R. Scott, D.D. 
Dean of Rochester. Crown 4to. 3&r. 

Liddell & Scott's Lezi- 

con, Greek and English, abridged for 
Schools. Square i2mo. 7^. 6d, 



An English-Greek Lexi- 
con, containing all the Greek Words 
used by Writers of good authority. By 
C. D. YoNGE, M.A. 4to. 2 1 J. School 
Abridgment, square l2mo. 8j. 6d, 

A Latin-English Diction- 
ary. By John T. White, D.D. 
Oxon. and J. £. Riddle, M.A. Oxon. 
Sixth Edition, revised. Quarto 21s. 

White's Concise Latin- 

English Dictionary, for the use of 
University Students. Royal 8vo. I2x. 

M'Culloch's Dictionary 

of Commerce and Commercial Navi- 
gation. Re-edited, with a Supplement 
shewing the Progress of British Com- 
mercial Legislation to the Year 1880, 
by Hugh G. Reid. With 11 Maps 
and 30 Charts. 8vo. 631. 

Keith Johnston's General 

Dictionary of Geography, Descriptive, 
Physical, Statistical, and Historical ; 
a complete Gazetteer of the World. 
Medium 8vo. 42^. 

The Public Schools Atlas 

of Ancient Geography, in 28 entirely 
new Coloured Maps. Edited by the 
Rev. G. Butler, M.A. Imperial 8vo. 
or imperial 4to. Js. 6d, 

The Public Schools Atlas 

of Modem Geog^raphy, in 31 entirely 
new Coloured Maps. Fdited by the 
Rev. G. Butler, M.A. Uniform, 5j. 



ASTRONOMY and METEOROLOGY. 



Outlines of Astronomy. 

By Sir J. F. W. Herschel, Bart. M.A. 
Latest Edition, with Plates and Dia- 
grams, Square crown 8 vo. I Zr. 

The Moon, and the Con- 
dition and Configurations of its Surface. 
By E. Neison, F.R.A.S. With 26 
Maps and 5 Plates. Medium Svo. 
price 3 1 J. 6</. 



Air and Rain ; the Begin- 
nings of a Chemical Climatology. By 
R. A. Smith, F.R.S. 8vo. 24J. 

Celestial Objects for 

Common Telescopes. By the Rev. 
T. W. Webb, M.A. Fourth Edition, 
revised and adapted to the Present State 
of Sidereal Science ; Map, Plate, Wood- 
cuts. Crown Svo. 9^, 
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The Sun ; Ruler, Light, Fire, 

and life of the Planetary System. By 
R. A. Proctor, B. A. With Plates & 
Woodcuts. Crown 8vo. \\s. 

The Orbs Around Us ; 

a Series of Essays on the Moon & 
Planets, Meteors & Comets, the Smi & 
Coloured Pairs of Suns. By R. A. 
Proctor, B.A. With Chart and Dia- 
grams. Crown 8vo. 7^. 6^. 

Other Worlds than Ours ; 

The Plurality of Worlds Studied under 
the Light of Recent Scientific Re- 
searches. By R. A. Proctor, B.A. 
With 14 Illustrations. Crown 8vo. 
price lor. dd. 

The Moon ; her Motions, 

Aspects, Scenery, and Physical Con- 
dition. By R. A. Proctor, B.A. 
With Plates, Charts, Woodcuts, and 
Lunar Photographs. Crown Svo. iOf.6</. 



The Universe of Stars; 

Presenting Researches into and New 
Views respecting the Constitution of 
the Heavens. By R. A. Proctor, 
B.A. Second Edition, with 22 Charts 
(4 Coloured) and 22 Diagrams. Svo. 
price lor. 6</. 

A New Star Atlas, for the 

Library, the School, and the Obser- 
vatory, in M Circular Maps (with 2 
Index Plates). By R. A. Proctor, 
B.A. Crown 8vo. 5j. 

Larger Star Atlas, for the 

Library, in Twelve Circular Maps, 
with Introduction and 2 Index Plates. 
By R. A. Proctor, B.A. Folio, 15/. 
or Maps only, I2J. 6^. 

Essays on Astronomy. 

A Series of Papers on Planets and 
Meteors, the Sun and Sun-surrounding 
Space, Stars and Star Cloudlets. By 
R. A. Proctor, B. A. With 10 Plates 
and 24 Woodcuts. 8vo. I2J. 



NATURAL HISTORY and PHYSICAL 

SCIENCE. 



Ganot's Elementary 

Treatise on Physics, Experimental 
and Applied, for the use of Colleges 
and Schools. Translated by E. Atkin- 
son, Ph.D. F.C.S. Tenth Edition, 
revised and enlarged ; with 4 Coloured 
Plates and 844 Woodcuts. Large crown 
8vo. 1 5 J. 

Ganot's Natural Philo- 
sophy for General Readers and 

Young Persons ; a Course of Physics 
divested of Mathematical Formulae and 
expressed in the language of daily life. 
Translated by E. Atkinson, Ph.D. 
F.C.S. Fourth Edition, revised ; with 
2 Plates and 471 Woodcuts. Crown 
8vo. 7j. td. 

Professor Helmholtz' 

Popular Lectures on Scientific Sub- 
jects. Translated and edited by Ed- 
mund Atkinson, Ph.D. F.C.S. Pro- 
fessor of Chemistry &c. Staff College, 
Sandhurst. With a Preface by Professor 
Tyndall, F.R.S. and 68 Woodcuts. 
2 vols, crown 8vp, 15J. or separately, 
7x, 6</. each. 



Arnott*s Elements of Phy- 
sics or Natural Philosophy. Seventh 
Edition, edited by A. Bain, LL.D. 
and A. S. Taylor, M.D. F.R.S. 
Crown 8vo. Woodcuts, I2J. td. 

The Correlation of Phy- 
sical Forces. By the Hon. Sir W. 
R. Grove, F.R.S. &c. Sixth Edition, 
revised and augmented. 8vo. ijx. 

A Treatise on Magnet- 
ism, General and Terrestrial. By H. 
Lloyd, D.D. D.C.L. &c. late Provost 
of Trinity College, Dublin. 8vo. I or. 6</. 

The Mathematical and 

other Tracts of the late James 
M'Cullagh, F.T.C.D. Professor of 
Natural Philosophy in the University 
of Dublin. Now first collected, and 
Edited by the Rev. J. H. Jellett, 
B.D. and the Rev. S. Haughton, M.D. 
Fellows of Trinity College, Dublin, 
8yo, 15J, 
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I's Insects at Home; 

Acoomt of Sritisli Insects^ 
Stitliu e^ Ffahfts and Tnms* 
Sia. Woodcuts^ I4«. 

['s Insects Abroad ; 

Accomit of Foreign Insects^ 
SCmctiiR; Hat»ts, and Traos- 
8t(x WoodaitSy I4i. 

I's Out of Doors ; a 

of Original Articles on 
Katmal Histoij. With 6 
Crown Stol 7j. 6^ 

Ts Bible Animals ; a 

ipCioa of cmy Unring CreatoTe 
in the S<3iptixre& With II2 
8tol I4r. 

Sea and its Living 

roodoa^ Bf Dr. G^ Hastwig. 
with laaaxj dnstnitioiis^ lOf. 6c/. 

Ttwig's Tropical 

^Ofid. With about 200 IIIiistnitioo&. 
^To. lor. 6dL 

[g's Polar World ; 

Ffi Description of Man aod Nature in fhe 
Arctic aid Antarctic Regions of the 
Globe. Mqs, Plates & Woodcots. 
Sva lOr. 6dL Sunbeam Edition, dd, 

[artwig's Subterranean 

Wofid. With Maps and Woodcots. 
8vo. iQi: 6tL 

Hartwig's Aerial World; 

a Popokr Account of the Phenomena 
and Life of the Atmosphere; Map, 
Pktes» Woodcots. Syo. lor. ^L 

A Familiar History of 

BirdiL By E. Stanixy, D.D. N 



Edition, rerised and enlarged, with 
160 WoodcntSb Crown 870. ts. 

Rural Bird Life; Essays 

on Omitbologj, with Instmctions loir 
Preserring Objects relating to that 
Sdence. By Chaxlxs Dixosr. With 
Coloored Frontispiece and 44 Wood* 
cuts by G. Pearson. Crown Sto. 7/. td. 

Country Pleasures; the 

Chronicle of a Year, chiefly in a Garden. 
By George Milnee. Second Edition, 
with Vignette Title-page. Crown 870. 
priced/. 



The Note-book of an 

Amatmr GcologiaL By John £i>- 
WARD Lee, F.G.S. F.S.A. &c. With 

nnmeroos Woodcnts and aoo litfao* 
graphic Plates of Sketches snd Seo> 
tioos. Svxx 2 1 J. 

Rocks Classified and De- 
scribed. By Bernhaed Vox Cott a. 

An F.nglish Translation, by P. H. 
Laweexce, with English, Q/ccaaaL^ and 
French S jnonjmes. Post 8ixx I4r. 

The Geology of England 

and Wales; a Coadse Aocomit of 

the Lithological Characters^ trading 
Fossils, and Economic Prodocts of the 
Rocks^ BylLB. Woodward, F.&S. 
Crown 8vol Ma^ & W^oodcnt^ E4r. 

Keller's Lake Dwellings 

<■ S ifitxt ffUuid, and other Parte of 
Europe. Translated by John £. Ls)^ 
F.S.A. F.G.S. With S06 HbstEi- 
tioos. 2 ToIs» royal 8tol 42^^ 

Beer's Primaeval World 

of Switzcriaad. Edited by James 



Hetwood, hLA. F.ILSw With Map^ 
29 Plates, & 372 Woodcota. 2 T(^ 

8vOl I2X. 

The Puzzle of Life and 

Hour it Has Been Pot TogcflKr ; a 

Short History of Prarfiistoric Vegetable 
and Animal Life on the Earth. By A. 
NicoLS, F.R.G.S. With 12 Ulnstra- 
tions. Crown 8Ta. 5r. dtL 

The Origin of Civilisa- 

tioOy and tlie JTiiiMiitiPO Coookmb of 
|Wfati ; Mental and Social Condition of 
Savage& By Sir J. Lubbock^ Bait. 
MJ*-F.RJS. Fourth Edition, enlaced. 
8to. Woodoits, iSf. 

Light Science for Leisure 

Hosts ; Familizr Essays on SrirnHftg 
Subjects, Natoial Pheoomena, &c. 
By R. A. PiEOcroR, RA. 2 toIs» 
crown 8vo. 7x. 6c^ each . 

A Dictionary of Science, 

Utcfatmey and Art; Re-edited by 
the Key. Sir G. W. Co:^ Bart. MJL 
3 Tols. medinm 8to. 63'> 

Hullah's Course of Lec- 

toes on the Histocj of Mod 

8to. 8x. 6£ 
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HuIIah's Second Course 

of Lectures on the Transitioo Period 
of Musical Histoiy. 8vo. lor. dd. 

Loudon's Encyclopaedia 

of Plants ; the Specific Character, 
Description, Culture, History, &c. of 
all Plants found in Great Britain. With 
i2jOOO Woodcuts. 8vo. 4Zr. 

Loudon's Encyclopaedia 

of Gardening ; the Theory and Prac- 
tice of Horticulture, Floriculture, Arbori- 
culture & Landscape Gardening, With 
1,000 Woodcuts. 8vo. 211. 



De Caisne & Le Maout's 

Descriptive and Analjrtical Botany. 
Translated by Mrs. Hooker ; edited 
and arranged by J. D. Hooker, M.D. 
With 5,500 Woodcuts. Imperial 8vo. 
price 31/. 6^. 

Rivers's Orchard-House ; 

or, the Cultivation of Fruit Trees under 
Glass. Sixteenth Edition. Crown 8vo. 
with 25 Woodcuts, 5j. 

The Rose Amateur's 

Guide. By Thomas Rivers. Latest 
Edition. Fcp. 8vo. \s, 6d, 



CHEMISTRY and PHYSIOLOGY. 



Experimental Chemistry 

for Junior Students. By J. E. Rey- 
nolds, M.D. F.R.S. Professor of Che- 
mistry, University of Dublin. Part I. 
Introductory. Fcp. 8vo. is, 6d, 

Practical Chemistry; the 

Principles of Qualitative Analysis. 
By W. A. TiLDEN, D.Sc. Lond.F.C.S. 
Professor of Chemistry in Mason's Col- 
lege, Birmingham. Fcp. 8vo. is, 6d, 

Miller's Elements of Che- 
mistry, Theoretical and Practical. 
Re-edited, with Additions, by H. 
MACLEOD, F.C.S. 3 vols. 8vo. 

Part I, Chemical Physics. i6j. 
Part II. Inorganic Chemistry, 24s. 
Part III. Organic Chemistry, ^is,6d. 

Annals of Chemical Me- 
dicine ; including the Application of 
Chemistry to Physiology, Pathology, 
Therapeutics, Pharmacy, Toxicology, 
& Hygiene. Edited by J. L. W. Thu- 
DiCHUM, M.D. 2 vols. 8vo. 14J. each. 



Health in the House; 

Lectures on Elementary Physiology in 
its Application to the Daily Wants of 
Man and Animals. By Mrs. Buckton. 
Crown 8vo. Woodcuts, 2j, 

A Dictionary oi Chemis- 
try and the Allied Branches of other 
Sciences. Edited by Henry Watts, 
F. R. S. 8 vols, medium 8vo.;£'i2.i2j.6</. 

Third Supplement, completing the 
Record of Chemical Discovery to the 
year 1877. Part II. completion, is 
now ready, price 5Qr. 

Practical Inorganic Che- 
mistry. An Elementary Text-Book 
of Theoretical and Practical Inorganic 
Chemistry, designed chiefly for the use 
of Students of Science Classes connected 
with the Science and Art Department 
of the Committee of Council on Educa- 
tion. By W. J AGO, F.C.S. Science 
Master at Brighton College. With 37 
Woodcuts. Fcp, 8vo. 2j. 



The FINE ARTS and ILLUSTRATED 

EDITIONS. 



Lord Macaulay's Lays of 

Andent Rome, with Ivry and the 
Armada. With 41 Wood Engravings 
by G. Pearson from Original Drawings 
by J. R, Weguelin, Crown 8vo. dr. 



Lord Macaulay's Lays of 

Andent Rome. With Ninety Illustra- 
tions engraved on Wood from Drawings 
by G. Scharf. Fcp. 4to. 2 1/, or imperial 
i6mo. los, ^^. 
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Notes on Foreign Picture 

Galleries. By C. L. Eastlake. 
F.R.I.B.A. Keeper of the National 
Gallery, London. Crown 8vo. fully 
Illustrated. [In preparation, ^ 

Vol. I. The Brera Gallery, Milan. 

,, II. The Louvre, Paris. 

,, III, The Pinacothek, Munich, 

The Three Cathedrals 

dedicated to St. Paul in London. 
By W. Longman, F.S.A. With 
Illostrations, Square crown 8vo. 21s, 

Lectures on Harmony^ 

delivered at the Royal Institution, By 
G. A. Macfarren. 870. I2J. 

Moorie's Lalla Rookh. 

Tenniel's Edition, with 68 Woodcut 
Illustrations. Crown 8vo. lor, 6d, 

Moore's Irish Melodies, 

Maclise's Edition, with 161 Steel 
Plates, Super-royal 8vo, 21s. 



Sacred and Legendary 

Art. By Mrs. Jameson. 6 vols, 
square crown 8vo. £$, i$s, 6d. 

Jameson's Legends of the 

Saints and Martyrs. With 19 Etch- 
ings and 187 Woodcuts. 2 vols. 315-. 6d, 

Jameson's Legends of the 

Monastic Orders. With 11 Etchings 
and 88 Woodcuts, i vol. 21s, 

Jameson'sLegends of the 

Madonna. With 27 Etchings and 165 
Woodcuts, I vol. 2 1 J. 

Jameson's History of the 

Saviour, His Types and Precursors. 
Completed by Lady Eastlake. With 
13 Etchings and 281 WoQdcuts. 
2 vols. 427. 



The USEFUL ARTS, MANUFACTURES, cScC. 



The Elements of Me- 
chanism. By T. M. Goodeve, M.A. 

Barrister-at-Law. New Edition, re- 
written and enlarged, with 342 Wood- 
cuts. Crown 8vo. 6s, 

Railways and Locomo- 
tives ; a Series of Lectures delivered 
at the School of Military Engineering, 
Chatham. Kailways^ by J. W. Barry, 
M. Inst. C.E. Locomotives y by Sir F. 
J. Bramwell, F.R.S. M. Inst. C.E. 
With 228 Illustrations engraved on 
Wood. 8vo. price 2\s, 

The Engineer's Valuing 

Assistant. By H. D. IIoskold, 
Civil and Mining Engineer. 8vo. 
price 3 IX. 6d, 

Gwilt's Encyclopaedia of 

Architecture, with above 1,600 Wood- 
cuts. Revised and extended by W, 
Papworth. 8vo. 52J. 6d, 

Lathes and Turning, Sim- 
pie, Mechanical, and Ornamental. By 
W. H. NoRTHCOTT. Second Edition, 
with 338 Illustrations. 8vo. i8j. 



Industrial Chemistry; a 

Manual for Manufacturers and for Col- 
leges or Technical Schools ; a Transla- 
tion of Payen*s Pricis de Chimie 
Indttstrielle. Edited, with Chapters 
on the Chemistry of the Metals, &c. by 
B, H. Paul. With 698 Woodcuts. 
Medium 8vo. 42^. 

The Theoiy of Strains in 

Girders and similar Structures, with 
Observations on the application of 
Theory to Practice, and Tables of the 
Strength and other Properties of Ma- 
terials. By B. B. Stoney, M.A. 
M. Inst. C.E. Royal 8vo. with 5 
Plates and 123 Woodcuts, 36J. 

The British Navy: its 

strength, Resources, and Adminis- 
tration. By Sir T. Brassey, K.C.B. 
M.P. M.A. In 6 vols. 8vo. Vols. I. 
and II. with many Illustrations, 14^. 
or separately, Vol. I. loj. 6d. Vol. II, 
price 31". 6d, 

A Treatise on Mills and 

Millwork. By the late Sir W. Fair- 
bairn, Bart. C.E. Fourth Edition, 
with 18 Plates and 333 Woodcuts. 
I yol. 8vo 25.5. 
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Useful Information for 

Engineers. By the late Sir W. 
Fai&bairn, Bart. C.E, With many 
Plates and Woodcuts. 3 vols, crown 
8vo. 3 IX. 6^. 

The Application of Cast 

and Wronght Iron to Bnilding 
Purposes. By the late Sir W. Fair- 
bairn, Bart. C.E. With 6 Plates and 
118 Woodcuts. 8vo. I dr. 

Hints on Household 

Taste in Furniture, Upholstery, 

and other Details. By C. L. East- 
lake. Fourth Edition, with 100 Illus- 
trations. Square crown Svo. 14^. 

Handbook of Practical 

Telegraphy. By R. S. Culley, 
Memb. Inst. C.E. Seventh Edition. 
Plates & Woodcuts. Svo. idr. 

The Marine Steam En- 
gine. A Treatise for the use of 
Engineering Students and Officers of 
the Royal Navy. By Richard 
Sennett, Chief Engineer, Royal 
Navy ; First Assistant to Chief En- 
gineer H.M. Dockyard, Devonport; 
kite Instructor in Marine Engineering 
at the Royal Naval College. With 
numerous Illustrations and Diagrams. 
Svo. price 21s, 

A Treatise on the Steam 

Engine, in its various applications to 
Mines, Mills, Steam Navigation, Rail- 
wa3rs and Agriculture. By J. Bourne, 
C.E. With Portrait, 37 Plates, and 
546 Woodcuts. 4to. 42s, 

Catechism of the Steam 

Engine, in its various Applications. 
By John Bourne, C.E. Fcp. Svo. 
Woodcuts, dr. 

Handbook of the Steam 

Engine, a Key to the Author's Cate- 
clusm of the Steam Engine. By J. 
Bourne, C.E. Fcp. Svo. Woodcuts, 9J. 

Examples of Steam and 

Gas Engines of the most recent Ap- 
proved Types as employed in Mines, 
Factories, Steam Navigation, Railways 
and Agriculture, practically described. 
By John Bourne, C.E. With 54 
Plates and 356 Woodcuts. 4to. 70J. 



Recent Improvements in 

the Steam Engine. By J. Bourne, 
C.E. Fcp. Svo. Woodcuts, 6s. 

Ure's Dictionary of Arts, 

Manufactures, and Mints. Seventh 
Edition, re-written and enlarged by R. 
Hunt, F.R.S. assisted by numerous 
Contributors. With 2,604 Woodcuts. 
4 vols, medium Svo. £7' V* 

Cresy's Encyclopaedia of 

Ciyn Engineering, Historical, Theo* 
retical, and Practical. With above 
3,000 Woodcuts^ Svo. 2$s. 

Kerl's Practical Treatise 

on Metallurgy. Adapted from the last 
German Edition by W. Crookes, F. R. S. 
&c. and E. Rohrig, Ph.D. 3 vols. 
Svo. with 625 Woodcuts, £^ i^, 

Ville on Artificial Ma- 
nures, their Chemical Selection and 
Scientific Application to Agriculture. 
Translated and edited by W. Crookes, 
F.R.S. With 31 Plates. Svo. 21s. 

Mitchell's Manual of 

Practical Assaying. Fifth Edition, 
revised, with the Recent Discoveries 
incorporated, by W. Crookes, F.R.S. 
Crown Svo. Woodcuts, 31J. 6d. 

The Art of Perfumery, 

and the Methods of Obtaining the 
Odours of Plants; the Growth and 
general Flower Farm System of Rais- 
ing Fragrant Herbs ; with Instructions 
for the Manufacture of Perfumes &c. 
By G. W. S. Piesse, Ph.D. F.C.S. 
Fourth Edition, with 96 Woodcuts, 
Square crown Svo. 2ix. 

Loudon's Encyclopaedia 

. of Gardening ; the Theory and Prac- 
tice of Horticulture, Floriculture, Arbori- 
culture & Landscape Gardening. With 
1,000 Woodcuts. Svo. 2is. 

Loudon's Encyclopaedia 

of Agriculture ; the Laying-out, Im- 
provement, and Management of Landed 
Property ; the Cultivation and Economy 
of the Productions of Agriculture. With 
1,100 Woodcuts. Svo. ^ I J. 
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RELIGIOUS and MORAL W^ORKS. 



An Introduction to the 

study of the New Testament, 
Critical, Exegetical, and Theological. 
By the Rev. S. Davidson, D.D. 
LL.D. New Edition, thoroughly re- 
vised by the Author. 2 vols. ovo. 30J. 

History of the Papacy 

During the Reformation, By M. 
Creighton, M. a. late Fellow of Merton 
College, Oxford. 2 vols. 8vo. price 32J. 
Vol. I. the Great Schism— the Council 
of Constance, 1378-1418. Vol. II. the 
Council of Basel — the Papal Restora- 
tion, 1418-1464. [Inihepress. 

A History of the Church 

of England ; Pre-Reformation Period. 
By the Rev, T. P. Boultbee, LL.D. 
8vo. 15^. 

Sketch of the History of 

the Church of England to the Revo- 
lution of 1688. By T. V. Short, 
D.D. Crown 8vo. 7/. 6d, 

The English Church in 

the Eighteenth Century. By C. J. 
Abbey, late Fellow of Univ. CoU. 
Oxon. and J. H. Overton, late 
Scholar of Lincoln Coll. Oxon. 2 vols. 
8vo. 3dr. 

An Exposition of the 39 

Articles, Historical and Doctrinal. By 
K H. Browne, D.D. Bishop of Win- 
chester. Twelfth Edition. 8vo. l6s. 

A Commentary on the 

39 Articles, forming an Introduction to 
the Theology of tiie Church of England. 
By the Rev. T. P. Boultbee, LL.D. 
New Edition. Crown 8vo. 6s, 

Sermons preached most- 
ly in the Chapel of Rugby School 
by the late T. Arnold, D.D. Collective 
Edition, revised by the Author's 
Daughter, Mrs. W.E.Forster. 6 vols, 
crown 8vo. 30J. or separately, 5j. each. 

Historical Lectures on 

the Life of Our Lord Jesus Christ 
By C. J. Ellicott, D.D. 8yo. izs. 



The Eclipse of Faith ; or 

a Visit to a Religious Sceptic. By 
Henry Rogers. Fcp. 8vo. 5x. 

Defence of the Eclipse of 

Faith. By H. Rogers. Fcp. 8vo. 3^. (hL 

Nature, the Utility of 

Religion, and Theism* Three Essays 
by John Stuart Mill. 8vo. iof.6</. 

A Critical and Gram- 
matical Commentary on St Paul's 
Epistles. By C. J. Ellicott, D.D. 
8vo. Galatians, 8x. 6d. Epheslans, 
8j. 6d, Pastoral Epistles, los, 6d, 
Philippians, Colossians, & Philemon, 
los, 64, Thessalonians, yj. 6d, 

Conybeare & Howson's 

Life and Epistles of St Paul. 

Three Editions, copiously illustrated. 

Library Edition, with all the Original 
Illustrations, Maps, Landscapes on 
Steel, Woodcuts, &c. 2 vols. 4to. 42^. 

Intermediate Edition, with a Selection 
of Maps, Plates, and Woodcuts. 2 vols, 
square crown 8vo. 2ix. 

student's Edition, revised and con- 
densed, with 46 Illustrations and Maps. 
I vol. crown 8vo. 7^. 6d, 

Smith's Voyage & Ship- 
wreck of St. Paul ; with Disserta* 
tions on the Life and Writings of St. 
Luke, and the Ships and Navigation of 
the Ancients. Fourth Edition, revised 
by the Author's Son, with all the 
Original Illustrations. Cr. 8vo. *js,6d, 

A Handbook to the Bible, 

or. Guide to the Study of the Holy 
Scriptures derived from Ancient Monu- 
ments and Modem Exploration. By 
F. R. CONDER, and Lieut. C. R. 
CONDER, R.E. Third Edition, Maps* 
Post 8vo. 7j, 6d, 

Bible Studies. By M. M. 

Kalisch, Ph.D. Part I. The Pro^ 
phecies of Balaam. 8vo. loj. 6^» 
Part II. The Book of Jonah, Svo* 
price lox. 6dy 
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Historical and Critical 

Commentary on the Old Testament ; 
with a New Translation. By M. M. 
Kalisch, Ph.D. Vol. I. Genesis, 
8vo. i&r. or adapted for the General 
Reader, 12^. Vol. II. Exodus, 15J. or 
adapted for the General Reader, 12s, 
Vol. III. Leviticus, Part I. 15J. or 
adapted for the General Reader, 8j. 
Vol. IV. Leviticus, Part II. 15/. or 
adapted for the General Reader, &r. 

The Four Gospels in 

Greek, with Greek-English Lexicon. 
By John T. White, D.D. Oxon. 
Square 32mo. 5^. 

Ewald's History of Israel. 

Translated from the German by J. E. 
Carpenter, M.A. with Preface by R. 
Martineau, M.A. 5 vols. 8vo. 63J. 

Ewald's Antiquities of 

IsraeL Translated from the German 
by H. S. Solly, M.A. 8vo. 12s, 6d. 

The New Man and the 

Eternal Life ; Notes on the Reiterated 
Amens of the Son of God. By A. 
Jukes. Second Edition. Cr. 8vo. 6s, 

The Types of Genesis, 

briefly considered as revealing the 
Development of Human Nature. By 
A. Jukes. Crown Svo. ^s, 6d. 

The Second Death and 

the Restitution of all Things ; with 
some Preliminary Remarks on the 
Nature and Inspiration of Holy Scrip- 
ture. By A. Jukes. Crown Svo. y, 6d. 

Supernatural Religion ; 

an Inquiry into the Reality of Di- 
vine Revelation. Complete Edition, 
thoroughly revised. 3 vols. Svo. 365-. 

Lectures on the Origin 

and Growth of Religion, as illus- 
trated by the Religions of India. 
By F. Max Muller, KM. Svo, 
price icxr. 6d, 

Introduction to the Sci- 
ence of Religion, Four Lectures de- 
livered at the Royal Institution ; with 
Essays on False Analogies and the 
Philosophy of Mythology. ByF. Max 
Muller, K,M. Crqwn Svo. loj. 6d, 



The Gospel for the Nine- 
teenth Centuiy. Fourth Edition. 
Svo. price lor. 6d. 

Passing Thoughts on 

Religion. ByMissSswELuFcp. Svo. 
price 3J. 6d. 

Preparation for the Holy 

Communion ; the Devotions chiefly 
from the works of Jeremy Taylor. By 
Miss Sewell. 32mo. 3/. 

Private Devotions for 

Young Persons. Compiled by 
Elizabeth M. Sewell, Author of 
•Amy Herbert' &c. i8mo. 2s, 

Bishop Jeremy Taylor's 

Entire Works ; with Life by Bishop 
Heber. Revised and corrected by the 
Rev. C. P. Eden. 10 vols. ;^5. 5/. 

Hymns of Praise and 

Prayer. Corrected and edited by 
Rev. John Martineau, LL.D. 
Crown 8vo. 4s. (xi, 32mo. is, 6d, 

Spiritual Songs for the 

Sundays and Holidays throug^hout 
the Year. By J. S. B. Monsell, 
LL.D. Fcp. 8vo. 5 J. i8mo. 2s, 

Christ the Consoler; a 

Book of Comfort for the Sick. By 
Ellice Hopkins. Second Edition. 
Fcp, Svo. 2J, 6^. 

Ljrra Germanica ; Hymns 

translated from the German by Miss Ct 

WlNKWORTH. Fcp. Svo. SJ. 

Hours of Thought on 

Sacred Things ; Two Volmnes of Ser- 
mons. By James Martineau, D.D. 
LL. D. 2 vols, crown Svo. Js. 6d. each. 

Endeavours after the 

Christian Life ; Discourses. By 
James Martineau, D.D. LL.D. 
Fifth Edition. Crown Svo, yj, 6d, 

The Pentateuch & Book 

of Joshua Critically Examined. 
By J. W. COLENSO, D.D. Bishop of 
Natal. Crown Svo. 6x. 

Lectures on the Penta- 
teuch and the Moabite Stone ; with 
Appendices. By J. W. Colenso, 
D.D. Bishop of Natal, 8yo, i2s^ ^ 
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TRAVELS, VOYAGES, cScc. 



Sunshine and Storm in 

the East» or Cruises to Cyprus and 
Constantinople. By Lady Brassey. 
Cheaper Edition, with 2 Maps and 1 14 
Illustrations engraved on Wood, Cr. 
Zvo, "Js. 6d, 

A Voyage in the * Sun- 
beam/ our Home on the Ocean for 
Eleven Months. By Lady Brassey. 
Cheaper Edition, with Map and 65 
Wood Engravings. Crown 8vo. ^5, M. 
School Edition, fcp. 2s. Popular 
Edition, 4to. 6d, 

Eight Years in Ceylon. 

By Sir Samuel W. Baker, M.A. 
Crown 8vo. Woodcuts, "js, 6d, 

The Rifle and the Hound 

in Ceylon. By Sir Samuel W. Baker, 
M.A. Crown 8vo. Woodcuts, 7j. 6d. 

Sacred Palmlands ; or, 

the Journal of a Spring Tour in Egypt 
and the Holy Land. By A. G. Weld, 
Crown 8vo, p, (>d. 

Wintering in the Ri- 
viera ; with Notes of Travel in Italy 
and France, and Practical Hints to 
Travellers. By William Miller, 
S.S.C. Edinburgh. With 12 Illus- 
trations. Post 8vo. 7j. 6d, 

San Remo and the Wes- 
tern Riviera, climatically and medi- 
cally considered. By A. Hill Hassall, 
M.D. Map and Woodcuts. Crown 
8vo. 10s, 6d, 



Himalayan and Sub- 

Himalayan Districts of British 
India, their Climate, Medical Topo- 
graphy, and Disease Distribution. By 
F. N. Macnamara, M.D. With 
Map and Fever Chart. 8vo. 2U, 

The Alpine Club Map of 

Switzerland, with parts of the Neigh- 
bouring Countries, on the scale of Four 
Miles to an Inch. Edited by R. C. 
Nichols, F.R.G,S. 4 Sheets in 
Portfolio, 42J. coloured, or 34f. un- 
coloured. 

Enlarged Alpine Club Map of 

the bwiss and Italian Alps, on the 
Scale of 3 English Statute Miles to I 
Inch, in 8 Sheets, price is, 6d, each. 

The Alpine Guide. By 

John Ball, M. R. I. A. Post 8vo, with 
Maps and other Illustrations : — 

The Eastern AlpSi lo^. 6d. 
Central Alps, including all 

the Oberland District, Js, 6d, 

Western Alps, including 

Mont Blanc, Monte Rosa, Zermatt, &c. 
Price 6r. 6d, 

On Alpine Travelling and 

the Geology of the Alps. Price is. 
Either of the Three Volumes or Parts of 
the * Alpine Guide' may be had with 
this Introduction prefixed, ix. extra. 



W^ORKS of FICTION. 



The Hughenden Edition 

of the Novels and Tales of the 
Earl of Beaconsfield, K.G. from 
Vivian Grey to Endymion. With 
Maclise's Portrait of the Author, a 
later Portrait on Steel from a recent 
Photograph, and a Vignette to each 
volume. To the last volume, Endy' 
tniont is appended a brief Memoir of 
the Life and Political Career of the 
Earl of Beaconsfield. Eleven Volumes, 
crown 8vo. bound in cloth extra, 42^. 



Novels and Tales. By the 

Right Hon. the Earl of Beacons- 
field, K.G. The Cabinet Edition. 
Eleven Volumes, crown 8vo. 6x. each. 

The Novels and Tales of 

the Right Hon. the Earl of Bea- 
consfield, K.G* Modem Novelist's 
Library Edition, complete in Eleven 
Volumes, crown 8vo. price 22s. boards, 
or 27 J. 6</. cloth. 
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Buried Alive ; or, Ten 

Years of Penal Servitude in Siberia. 
By Fedor Dostoyeffsky. Trans- 
lated from the German by Marie von 
Thilo. Fourth Edition, PostSvo. dr. 



Whispers from Fairy- 
land. By the Right Hon. £. H. 
Knatchbull-Hugessen, M.P. With 
9 Illustrations. Crown 8vo. 3j. 6d, 



Higgledy-piggledy; or, 

Stories for Everybody and Every- 
body's Children. By the Right Hon. 
E. H. Knatchbull-Hugessen, M.P. 
With 9 Illustrations. Uniform, 3j. 6^. 

ft 

Stories and Tales. By 

Elizabeth M. Sewell. Cabinet 
Edition, in Ten Volumes, crown 8vo. 
t price 3J. 6d, each, in cloth extra, with 
gilt edges : — 



Amy Herbert. 

6ertrude. 

The Earl's Daughter 

Experience of Life. 

Cleve Hall. 



Ivors. 

Katharine Ashton. 

Margaret Percival. 

Laneton Parsonagei 

Ursula. 



The Modem Novelist's 

Library. E^ch work complete in itself 
price 2s, boards, or is, 6a, cloth : — 

By Earl of Beaconsfield, K.G. 

Endytnion* 

Henrietta Temple. 
Contarini Flemiiig,&c. 
Alroy, IzioOy &c. 
The Young Duke, &C. 
Vivian Grey. 

By Anthony Trollope. 

Barchester Towers. 
The Warden. 

By Major Whyte-Melville. 



Lothair. 

Coninesby. 

Sybil 

Tancred. 

Venetia. 



Digby Grand. 
Genoal Bounce. 
Kate Coventry. 
The Gladiators. 



Good for Nothuig. 
Holmby House. 
The Interpreter. 
Queen's Maries. 

By the Author of ' The Rose Garden.* 

Unawares. 

By the Author of « Mile. Mori.' 

The Atelier du Lys. 
Mademoiselle Moxi 

By Various Writers. 

Atherstone Prioiy. 

The Burgomaster c Family. 

Elsa and her Vulture. 

The Six Sisters of the Vaileys.^ 



Novels and Tales by the Right Honourable the 

Earl of Beaconsfield, K.G. Modem Novelists Library Edition, complete in 
Eleven VolumeS| crown 8vo. cloth extra, gilt edgeS| price 33^. 



POETRY and THE DRAMA. 



Poetical Works of Jean 

Ingelow. New Edition, reprinted, 
with Additional Matter, from the 23rd 
and 6th Editions of the two volumes 
respectively ; with 2 Vignettes. 2 vols, 
fop, 8vo. I2J. 

Faust. Prom the German 

of Goethe. By T. E. Webb, LL.D. 
Reg. Prof, of Laws & Public Orator 
in the Univ. of Dublin. 8vo. 12s, 6d, 

Goethe's Faust. A New 

Translation, chiefly in Blank Verse ; 
with a complete Introduction and 
copious Notes. By James Adey 
Birds, B.A. F.G.S. Large crown 
8vo, 12;-. dd. 



Goethe's Faust The Ger- 
man Text, with an English Introduction 
and Notes for Students. By Albert 
M. Selss, M.A. Ph.D. Prof, of German 
in the Univ. of Dublin. Cr. 8vo. $s. 

Lays of Ancient Rome; 

with Ivry and the Armada. By Lo&D 
Macaulay. i6mo. y. 6d, 

The Poem of the Cid : a 

Translation from the Spanish, with 
Introduction and Notes. By John 
Ormsby. Crown 8vo. $s, 

Festus, a Poem. By 

Philip James Bailey. loth Edition, 
enlarged & revised. Crown 8yo. 12s, 6d, 

The * Festus' Birthday-Book. 
Fcp, 8vo, 3J. W. 
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The Iliad of Homer, Ho- 

mometrically translated by C. B. 
Cayley. Svo. izs, 6d, 

Bowdler's Family Shak- 

speare. Genuine Edition, in i vol. 
medinm 8vo. large type, with 36 Wood- 
cuts, 14;. or in 6 vols, fcp. Svo. 21s, 



The ^neid of Virgil. 

Translated into English Verse. By J. 
CoNiNGTON, M.A. Crown Svo. gs, 

Southey's Poetical 

Works, with the Author's last Cor- 
rections and Additions. Medium Svo. 
with Portrait, I4r. 



RURAL SPORTS, HORSE and CATTLE 

MANAGEMENT, &e. 



Blaine's Encyclopaedia of 

Rural Sports; Complete Accounts, 
Historical, Practical, and Descriptive, 
of Hunting, Shooting, Fishing, Racing, 
&c. With 600 Wo(^cuts. Svo. 21s, 

A Book on Angling ; or, 

Treatise on the Art of Fishing in every 
branch ; including full Illustrated Lists 
of Salmon Flies. By Francis Francis, 
Post Svo. Portrait and Plates, i^s, 

Wilcocks's Sea-Fisher- 
man : comprising the Chief Methods 
of Hook and Line Fishing, a glance at 
Nets, and remarks on Boats and Boat- 
ing. Post Svo. Woodcuts, i2s, 6d, 

The Fly-Fisher's Ento- 

mology. By Alfred Ronalds. 
With 20 Coloured Plates. Svo. l\s. 

Horses and Roads; or, 

How to Keep a Horse Sound on his 
I^egs. By Free-Lance, Second 
Edition. Crown Svo. 6s, 

Horses and Riding. By 

George Nevile, M. A. With 31 Illus- 
trations. Crown Svo. 6r. 

Horses and Stables. By 

Major-General Sir F. Fitzwygram, 
Bart Second Edition, revised and 
enlarged ; with 39 pages of Illustrations 
containing very numerous Figures. 
Svo. lOf. td. 



Youatt on the Horse. 

Revised and enlarged by W. Watson, 
M.R.C.V.S. Svo. Woodcuts, yj. 6^ 

Youatt's Work on the 

Dog. Revised and enlarged. Svo. 
Woodcuts, 6j. 

The Dog in Health and 

Disease. By Stonehenge. Third 
Edition, with 7S Wood Engravings. 
Square crown Svo. yx. 6d, 

The Greyhound. By 

Stonehenge. Revised Edition, with 
25 Portraits of Greyhounds, &c. 
• Square crown Svo. i^s. 

Stables and Stable Fit- 
tings. By W. Miles. Imp. Svo. 

with 13 Plates, 15J. 

The Horse's Foot, and 

How to keep it Sound. By W. 
Miles. Imp. Svo. Woodcuts, I2j. (>d, 

A Plain Treatise on 

Horse-shoeing. By W. Miles. Post 
Svo. Woodcuts, 2J. td. 

Remarks on Horses' 

Teeth, addressed to Piurchasers. By 
W. Miles. Post Svo. u. 6d. 

A Treatise on the Dis- 
eases of the Ox ; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Piactitioners and 
Students. ByJ.H. Steel, M.R.C.V.S. 
F.Z. S. With 2 Plates and 1 16 Wood- 
cuts. Svo, 1 5 J. 
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WORKS of UTILITY and GENERAL 

INFORMATION. 



Maunder's Biographical 

Treasuiy. Latest Edition, recon- 
structed and partly re-written, with 
above i,6oo additional Memoirs, by 
"W. L. R. Gates. Fcp. 8vo. 6s. 

Maunder's Treasury of 

Natural Histoiy; or, Popular Dic- 
tionary of Zoology. Revised and 
corrected Edition. Fcp. 8vo. with 
900 Woodcuts, dr. 

Maunder's Treasury of 

Geography, Physical, Historical, 
Descriptive, and Political. Edited by 
W. Hughes, F. R. G. S. With 7 Maps 
and 16 Plates. Fcp. 8vo. 6s, 

Maunder's Historical 

Treasury; Introductory Outlines of 
Universal History, and Separate His- 
tories of all Nations. Revised by the 
Rev. Sir G. W. Cox, Bart M.A. 
Fcp. 8vo. 6s. 

Maunder's Treasury of 

Knowledge and Library of Refer- 
ence ; comprising an English Diction- 
ary and Grammar, Universal Gazetteer, 
Classical Dictionary, Chronology, Law 
Dictionary, Synopsis of the Peerage, 
Useful Tables, &c. Fcp. 8vo. 6s, 

Maunder's Scientific and 

Literary Treasury; a Popular En- 
cyclopaedia of Science, Literature, and 
Art. Latest Edition, partly re-written, 
with above i,ooo New Articles, by J. 
Y. Johnson. Fcp. 8vo. 6s, 

The Treasury of Botany, 

or Popular Dictionary of the Vegetable 
Kingdom ; with which is incorporated 
a Glossary of Botanical Terms. Edited 
by J. LiNDLEY, F.R.S. and T. Moore, 
F.L.S. With 274 Woodcuts and 20 
Steel Plates. Two Parts, fcp. 8vo. 12s, 

The Treasury of Bible 

Knowledg^e ; being a Dictionary of 
the Books, Persons, Places, Events, 
and other Matters of which mention is 
made in Holy Scripture. By the Rev. 
J. Ayre, M. a. Maps, Plates & Wood- 
cuts, Fcp. 8vo. 6s, 



A Practical Treatise on 

Brewing; with Formulae for Public 
Brewers & Instructions for Private Fam- 
ilies. By W. Black. 8vo. los, 6d. 

The Theory of the Mo- 
dem Scientific Game of Whist 
By W. Pole, F.R.S. Thirteenth 
Edition. Fcp. 8vo. 2s, 6d, 

The Correct Card; or, 

How to Play at Whist; a Whist 
Catechism. By Major A. Campbell- 
Walker, F.R.G.S. Fourth Edition. 
Fcp. 8vo. 2s. 6d. 

The Cabinet Lawyer; a 

Popular Digest of the Laws of England, 
CivU, Criminal, and ConstitutionaL 
Twenty-Fifth Edition, corrected and 
extended. Fcp, 8vo. gs. 

Chess Openings. ByF.W. 

Longman, Balliol Collie, Oxford. 
New Edition. Fcp. 8vo. 2s, 6d, 

Pewtner's Compre- 
hensive Specifier; a Guide to the 

Practical Specification of every kind of 
Building- Artificer's Work. Edited by 
W. Young. Crown 8vo. 6s. 

Modern Cookery for Pri- 
vate Families, reduced to a System 
of Easy Practice in a Series of carefiilly- 
tested Receipts. By Eliza Acton. 
With 8 Plates and 150 Woodcuts. Fcp. 
8vo. 6s. 

Food and Home Cookeiy. 

A Course of Instruction in Practical 
Cookery and Cleaning, for Children in 
Elementary Schools. By Mrs. Buck- 
ton. Woodcuts. Crown 8vo. 2s. 

The Ventilation of Dwell- 
ing Houses and the Utilisation of 
Waste Heat from Open Fire-Places, 
&c. By F. Edwards, Jun. Second 
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